Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



• • -^ • 



^1' 



"s 



>.^ 



- ^ * 



^ ^ 









■•■J 



K 






»^?^ 






'^w 



>. 






^ 









v.; 



'f 



> 



» V 



'*' '«>, 



.^ 



^ 






v< 









». 



1 



wmi 



1 

1' 



'>. •■ .' 



lLAxI^fE2{ 





EMM 




■ft . 



Eiit 

■1 . >»• >»\r ■■»+' •'■»■» i' i '. ' I ''■"■> '>n 



^- 



f 






- / 



_^ 



i 




\! 







' y ^5-*-.-<^c^'- '^v< 



/ 



I 






INTRODUCTION 



: : TO : : 



Qualitative TVn^lxsis 




BY 

W. LASH MILLER, B.A., Ph.D. 

Demonstrator of Chemist? y in the University of Toj onto. 

AND 

F. J. SMALE, B.A., Ph.D. 

Lecturer in Chemistry in the University of Toronto. 



•» - *• 



» ^ •- •- r 4,1 4. 



TORONTO : 

THE BRYANT PRESS 
1896. 



i, 

^ 



^ V 



• • •»• • • 









. ^ 



PREFACE. 



THIS book is written primirily for use in the chemical laboratory 
of the Univerf;ity of Toronto. The laboratory course is 
designed to complement the work in the lecture room, by making the 
student familiar with the phenomena treated of in the lectures ; and, 
accordingly, in the present work special attention has been paid to 
the study of the chemical reaction, and an attempt has been made 
to introduce in qualitative form the results of the recent advances 
in the theory of solutions. 

With a view of arranging the descriptive matter as concisely 
as possible, and, at the same time, of developing the powers of 
observation and comparison in the individual student, the solubilities 
and colors of the various salts have been presented in tabular form, 
and the repetition of detailed instruction avoided throughout. 

The tables of separation are constructed so as to necessitate 
continual reference to the text, and are placed with the groups of 
substances to which they refer; as it is the experience of the authors 
that when bunched in the usual way, they are made use of to the 
almost total neglect of the rest of the book. 

In conclusion, the authors desire to express their special obli- 
gations to the following works : — 

E. J. Chapman : Blowpipe Practice. 

A. Classen : Handbuch d. qual. chem. Analyse. 

W. Ostwald : Die wisse Grundlagen d. anal. Chemic. 

H. V. Pechmann : Anleitung z. qual. chem. Analyse. 



Toronto, October, 1896. 
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INTRODUCTION 



This book is written for the use of students who have 
already had a certain quantity of instruction in the subject 
of general Chemistry, who know what is meant by a chemi- 
cal formula, what qualitative and quantitative information is 
conveyed by a chemical equation, and who understand the 
methods employed in the determination of atomic and mole- 
cular weights. 

They are for the most part introduced to the study of 
Qualitative Analysis, not to make analysts of them (though 
some such course as that sketched here forms a necessary 
part of the education of every professional analyst), but 
because this course in laboratory work possesses advantages 
equalled by none other yet devised both in the variety of the 
substances and the number of the reactions it presents for 
study, and in the moderate nature of the demands it makes 
on the time and pocket of the student, on the resources of 
the laboratory, and on the energies of the instructor. It is 
not to be denied that these advantages are, to a certain extent, 
offset by corresponding disadvantages. A large number of 
bodies is studied, but all from the same point of view ; undue 
prominence is attached to such compounds (e.g., the insoluble 
salts) as are convenient for purposes of separation, while, on 
the other hand, as the reactions are carried out for the most part 
in aqueous solution, many whole classes of substances — most 
of the gases, and nearly all bodies decomposed by water — are 
necessarily excluded from the course ; and even the very 
reactions most met with, instead of being fair samples of the 
great majority of chemical reactions, are selected from a type 



2 A TYPICAL ANALYSIS. 

particularly suited to the necessities of the method of analysis 
adopted. 

From this it follows as a necessary consequence that 
men whose knowledge of practical chemistry is derived merely 
from a laboratory course in analysis must form a very one- 
sided conception of the nature of a chemical reaction, which 
is all the harder to remove as it is founded on their own 
experience, and seems to fit the facts too well to need 
replacement by another. It is with a view of pointing out 
what is general in the reactions that will be met with in the 
laboratory, and what is exceptional and due to the fact that 
'chemistry is there studied from the standpoint of the analyst, 
that this introduction is written. 



If a piece of silver and a piece of copper were melted 
together, and a chemist were asked to obtain from the 
alloy (a coin, for instance) the silver and the copper in the 
pure state, he would proceed as follows : 

From tables of the solubilities of the salts of silver and 
of copper, he knows that while the chloride of silver is very 
insoluble in water the corresponding cupric salt is quite 
soluble — the nitrates of both metals are soluble in water. His 
first step then would be to dissolve the coin in a mixture of 
nitric acid and water, thus obtaining a solution of the nitrates 
of the two metals, 

Cu-{-4HN0^ = Cu{N0^)^^-{-2N0^ + 2H^0, 

to ^which he would add hydrochloric acid, thus "precipitat- 
ing '* th^ silver, i,e,y converting it into the insoluble chloride, 

AgNOs-{-HCl=HNO^-{-AgCl, 

which might be separated from the solution by mechanical 
means (straining through paper). From this precipitate, 
after freeing it, by washing, from adhering cupric nitrate 
solution, he might obtain the silver in the metallic state by 
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heating it mixed with a little carbonate of soda on a piece 
of charcoal. 

2AgCl+Na^C0.^ + C = 2Ag+2NaCl+C0^ + C0 

When the silver was thus disposed of, the copper might be 
obtained from the filtrate by precipitating with potash as the 
hydrate 

Cu{N0^)^+2K0H==Cu{0H)^ + 2KN0^, 
which on heating loses water, passing into the oxide, 

Cu{OH)^=:CuO + H^O, 

from which, lastly, by heating with charcoal, the copper 
itself might be prepared. 

CuO + C = Cu + CO. 

The method of separation here pursued is typical of that 
followed wherever possible, and, in any particular case, the 
nearer the operations resemble those just quoted, the better 
from the point of view of the analyst — and the worse from that 
of the student of chemistry, who, it goes without saying, is 
the gainer by variety. 

Two peculiarities are common to all the reactions given 
above. In the first place, they are quickly finished ; in the 
second, they are quantitative — all the copper and silver are 
dissolved in the nitric acid ; all the silver is obtained a^ 
chloride, and this is all finally converted into the metallic 
state, so that the button of silver obtained by the analyst 
at the end of his work weighs, as near as may be, the same 
as that originally employed in the manufacture of the coin. 

The first feature is common to nearly all reactions of inor- 
ganic salts dissolved in water ; the second, on the other hand, 
is the result of certain special conditions which, therefore, must 
be fulfilled by all reactions intended as a basis for methods of 
separation in analysis ; and it is, consequently, of the greatest 
importance to understand, as far as possible, just what these 
conditions are, and to learn the effect of each of them separ- 
ately upon. the course of the chemical reaction. 



4 INFLUENCE OF INSOLUBILITY. 

One of the most obvious is the insolubility* of the silver 
chloride. If it dissolved to any noticeable extent in water, 
or rather in the solution of copper salts, hydrochloric acid, 
etc., from which it is to [be removed by filtration, then, 
even if the hydrochloric acid used converted all the silver 
nitrate into silver chloride, it is evident that only a part of the 
silver present would be separated in the form of solid silver 
chloride, the rest remaining dissolved and mixed up with the 
copper in the solution. 

There is, however, another very important respect in 
which this property of the silver chloride affects the reaction ; 
for it is very largely owing to the insolubility of this salt that the 
hydrochloric acid can convert the silver nitrate completely into 
chloride. In order to comprehend this latter important propo- 
sition it will be necessary to consider a few cases of chemi- 
cal reaction in which all the substances involved are " soluble": 
such, for instance, are the two bodies, hydrochloric acid and 
sodium nitrate, and the two others, nitric acid and sodium 
chloride, that would be formed from them if they reacted 
together in solution according to the equation : 

HCl + NaNO 3 = i/iVO 3 + NaCl 

analogous to HCl-\- AgNO ^ = HNO ^+ AgCl 

The only difference between these two cases is that in the 
latter, if more than an infinitesimal quantity of the *' insoluble *^ 
silver chloride be formed, it must necessarily be ** precipitated, '' 
i.e., separated in the solid form ;Jwhereas, in the former, all 
four bodies are so soluble in water that if fairly dilute solutions 
be employed no change of the nature represented above can 
produce a precipitate : and, accordingly, on mixing fairly dilute 
solutions of the two substances mentioned (hydrochloric acid 
and sodium nitrate), no precipitate is formed. 

Is it, then, fair to say that "nothing happens" on mixing 
these solutions ? or that the two bodies named *' do not react " 
with each other ? Obviously not. That would be to make the 
formation of a precipitate the sole criterion of the occurrence 

* Short for "very slight solubility" — oneMitre of water at i8*C. dissolves 
about 1.7 mg. silver chloride. See page 9. 
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;of a chemical reaction. On the other hand, if anything has 
'happened, how is one to find it out ? By evaporating the 
solution and seeing what salt crystallizes out ? Or by adding 
alcohol and (as, in general, salts are less soluble in water di- 
luted with alcohol than in the same quantity of pure water) 
thus producing a precipitate ? Evidently not, for these expedi- 
ents would only succeed in reducing the case to one of the 
former type, depending on the relative solubilities of the vari- 
ous substances involved, while the whole object of the 
enquiry is to find the laws governing chemical reactions when 
that disturbing element is removed. 

An answer to the question just put may, however, be ob- 
tained by studying the "physical" changes which take place 
on mixing the two solutions. If there be no evolution nor absorp- 
■tion of heat, if no contraction nor expansion, change of color, 
etc, etc., take place; in short, if all the measurable properties 
of the mixed solutions be merely the average (properly calcu- 
lated) of those of the two solutions mixed, it would be a safe 
conclusion that no reaction had taken place. If, on the other 
hand, the physical properties of the mixture be intermediate 
■between those of solutions (in the same quantity of water) of 
hydrochloric acid and of sodium nitrate on the one hand, and 
of nitric acid and of sodium chloride on the other — which is 
the actual case — it is fair to infer that the mixture contains 
not one pair exclusively, but some of each of the four bodies 
represented by the formula:, HCl, NaNO^, HNO^, and NaCl; 
in other words, that a reaction does take place between the 
two first mentioned, but stops short before they are entirely 
converted into the second pair — that the reaction is " incom- 
plete." 

^A very striking instance of such a change of physical pro- 
perties is afforded by one of the reactions used in the analysis 
of iron salts, viz., the reaction between ferric nitrate and 
potassium siilphocyanide. The dilute solutions of each of 
these salts taken separately are almost colorless (that of the 
iron a little yellowish), while that obtained by mixing them 



Kf a deep blood-red hue, owing to the formation of the deep J 

id ferric sulphocyanide. TIjat the reaction which takes J 

. . J 



b INCOMPLETE AND REVERSIBLE REACTIONS. 

place when ferric nitrate and potassium sulphocyanide are 
mixed in solution in the quantities represented in the equation 

Fe (N0,), + 3KSCN = Fe {SCN), + 3KN0, 

is not ** complete," i.e., that all the ferric nitrate employed has 
not been converted into ferric sulphocyanide, is inferred from 
the observation that the color of the mixture is not nearly so 
deep as is that of a solution prepared by dissolving in the same 
amount of water the quantity of ferric sulphocyanide repre- 
sented on the right hand side of the equation above. The 
amount of the red salt formed varies with the temperature and 
other conditions ; in one case a measurement of the depth of 
color fixed the quantity of ferric sulphocyanide at thirteen 
per cent, of what would be present were the reaction 
" complete." 

One of the most important results of the investigations 
that have been made on this matter is that the solution formed 
by mixing equivalent quantities of (for instance) hydrochloric 
acid and sodium nitrate is precisely identical in every respect 
with that produced from equivalent quantities of nijtric acid 
and sodium chloride,* and the only conclusion that can be 
drawn from this remarkable fact (which is perfectly general, 
though a special case is here selected for illustration) is this, 
that not only can hydrochloric acid react with sodium 
nitrate according to the equation 

HCl+NaNO^ =HNO^ +NaCh 

but also nitric acid and sodium chloride, the substances 
formed by this reaction, can, under suitable circumstances, 
react together to form again the hydrochloric acid and sodium 
nitrate from which they themselves were prepared : 

HNO^+NaCl = HCl+NaNO^ 

in short, that the reaction of hydrochloric acid on sodium 
nitrate is ** reversible." This may be indicated by replacing 
the sign = by the sign ^ ^ to show that the reaction will 
proceed in either direction according to circumstances. 

*It goes without saying that the same quantity of water must be used in each 
case. • 
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It is very important to obtain a clear idea of what is 
' involved in the conception of the " reversibility" of a reaction, 
for it will appear from what follows that this reversibility, 
instead of being the exception, is the rule even among the 
reactions met with in the course of analysis. First, then, 
as to the connection between " reversibility " and " incom- 
pleteness." In the case 

I if the substances A and B did react completely to form C and 

I D, the very statement that the reaction between them is 

r reversible implies that these two being present alone would 

immediately react again to form .-I and B ; and thus the com- 

j position of the solution would vary from one extreme — all A 

I and B, to the other — all C and D. the course of the reaction 

iembling that of a pendulum oscillating about its point of 

I equilibrium. As a matter of fact, however, no such phenomena 

are met with in chemistry ; and if the simile of the pendulum 

is to be retained at all, the latter must be imagined as provided 

I with a broad vane dipping in glycerine, and prevented by 

I friction from shooting past its point of equilibrium. 

Second, as to the causes determining the direction of the 
reaction : the following, which is a mere restatement of the case 
just considered, shows that the concentrations of the sub- 
stances involved is one very important factor. If^ and B 
[and the same holds for C and D] be present alone, they react, 
and the progress of the reaction involves a diminution of their 
I concentration in the solution and an increase of that of C and 
I D, until a definite relation between the concentrations of the 
two opposite pairs is arrived at (depending in general on the 
chemical nature of the reacting bodies), equilibrium is 
I reached, the reaction stops. 

There is no question, then, as to what will happen if in the 
t solution at equilibrium the concentrations of both A and B be 
creased {e.g., by dissolving fresh quantities of each of them 
. the solution) — a reaction will take place in the direction 
I that "uses up " or diminishes the concentration of the sub- 
|:fitance5 added, until the former relation between the various 
I'Concentrations is restored; b^t what if only one, say ^, be 
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added ? The result is what might be expected, equilibrium is 
disturbed, and the ensuing reaction, as in the former case, 
serves to diminish the concentration of that substance (A) 
which was added to the solution. [The opposite course could 
only have resulted in bringing about an explosive reaction 
ending in the total disappearance of C and D ; and as this 
would be effected by an indefinitely small addition ol A/\t 
was very improbable from the outset.] 

This influence of concentration has obtained the technical 
name of the " action of mass/ ' but it should not be forgotten 
that J^t^is not the mass nor the weight of the substances 
involved that is of importance, but the mass per mtpjtjwlume 
or the c nnf! fiptration. * 

The discussion of a concrete example may serve to render 
these conceptions more definite. In the solution formed from 
equivalent quantities of ferric nitrate and potassium sulpho- 
cyanide — or, what is the same thing, from equivalent quanti- 
ties of ferric sulphocyanide and potassium nitrate dissolved in 
the same quantity of water — and containing the four salts in 
equilibrium with respect to the following reaction : 

Fe (NO,),+:^KSCN ^=:^ Fe (SCN)^ + 3KN0, 

if the concentration of either the ferric nitrate or of the potas- 
sium sulphocyanide be increased (e.g., by adding small quanti- 
ties of the dry salt, or a drop of the saturated solution of 
either) the equilibrium will be shifted and a reaction will 
ensue, resulting in the formation of more of the ferric sulpho- 
cvanide. As it is to the latter salt that the solution owes its 
red color, it follows that the addition of either of the first- 
named salts will deepen the color, and, conversely, addition 
of potassium nitrate will render it lighter. This forms an 
easily performed and very striking experiment, which simply 
cannot be understood from the other point of view of the 
chemical reaction, viz., that it depends on the " relative 
affinities " of the substances involved whether or not a reaction 
will occur; and that when one does take place it is quantitative. 
From this other standpoint the formation of a red color in 

* In other words, it is the per cent, composition of the solution, not the scale 
on which the experiment is carried on, that is the determining factor. 



"soluble" and "insoluble" relative terms. 



the Brst instance showed that a reaction had taken place 
between the two s?.lts involved ; if, on adding more ferric 
nitrate, the solution became darker red, that was because the 
quantity previously added was insufficient to combine with 
the potassium sulphocyanide present. So far, so good ; but, 
then, what explanation for the deepening in color on addition 
of potassium sulphocyanide itself? It ought not to deepen 1 
There was too much potassium sulphocyanide there already! — 
The discovery that has removed all these difficulties is just 
this, that the " chemical affinity," whatever that very ill- 
defined word may really mean, is dependent, among other 
things, on the concentrations of the reacting substances. This 
explains the reversible nature of the reaction, which, again, 
necessitates the occurrence of an equilibrium. 

In the case just considered it was possible to alter arbi- 
trarily, within very wide limits, the concentration of any one of 
the four salts involved by adding the substance in question to 
the solution and letting it dissolve. But Jn this very statement 
of the possibilities of the case is contained also the necessary 
restriction. Most substances will not dissolve in all propor- 
tions in water — a few liquids, e.g., nitric and acetic acids, are 
completely miscible with water; but in the case of solid sub- 
stances and of gases there is always a limit, depending on the 
temperature, to the amount that wilt dissolve on shaking with a 
given quantity of solvent; in other words, an upper limit to the 
concentration of the solutions that can thus be prepared from 
them. In some instances this limiting concentration is high : 
water at ordinary temperature will dissolve four times its own 
weight of calcium chloride and three-quarters of its weight of 
ammonia gas ; in others it is low, one hundred parts of water 
dissolving seven of mercuric chloride, one-half part of the 
chloride of lead, and only O.00017 of silver chloride. As the 
quantity of chloride of lead that will be taken up by a test- 
tube full of water is small enough to easily escape notice by the 
eye, this and all less soluble substances are in everyday 
language spoken of as "insoluble." No salt, however, is 
strictly insoluble; the difference between "soluble" and 
"insoluble" is one of degree merely, not of kind; and 
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between the extremes of the chloride of calcium on the one 
hand, and the chloride of silver on the other, are to be 
found the great majority of the substances met with in the 
laboratory. 

If, then, one of the salts of a chemical system be "insoluble,'* 
for instance, the silver chloride in the equilibrium, 

HCl+AgNO^^z=>HNO,^ + AgCl, 

this insolubilitv will affect its concentration in the solution in 
two ways : 

(a) The concentration cannot be increased above a certain 
very low limit ; 

(6) So long as there is solid silver chloride in contact with 
the solution, the concentration of the silver chloride dis- 
solved will remain constant*j - f 

and the limits thus set to alterations in the concentration 
of the silver chloride dissolved have a most important effect 
on the course of the reaction. 

In the case so often referred to, 

HCl+NaNO^<=:^HNO^+NaCl, 

if equivalent quantities of hydrochloric acid and sodium 

nitrate be mixed in fairly dilute solution, just about one-half 

will be changed into nitric acid and sodium chloride. If the 

nitrate of sodium be replaced by the nitrate of potassium, of 

ammonium, of calcium, etc., etc. — in short, by the nitrate of 

any metal whose chloride is soluble, the result will be found in 

every case to be about the same. If, however, silver nitrate 

be used, 

HCl+AgNO^MZ=z^HNO^ + AgCl, 

long before half, or, with solutions of ordinary strength, long 
before the thousandth part can be converted itito the chloride, 
the solution is already ** saturated ** with that salt, i.e., the 
concentration of the silver chloride in the solution has 
reached its limit, and ** precipitation " has begun. From this 
time on, the concentration of the silver chloride in the solution 

* This is strictly true only when the quantities of the other substances in solu- 
tion are not too great. 
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remains constant ; but as that of the nitric acid is increasing, 
and that of the hydrochloric acid and of the silver nitrate a 
steadily decreasing — both changes which tend to assist thg 
reverse reaction — it is obvious that at length a state of equilibJ 
riuin must be reached, in which the nitric acid formed, a 
the small trace of silver chloride that can dissolve, balance thd 
hydrochloric acid and silver nitrate remaining. EvidentlyJ^ 
the less the concentration of the silver chloride, the less caaM 
be the concentration of the hydrochloric acid and of the 
silver nitrate at equilibrium ; and it is thus owing to the 
extreme insolubility of the former salt that the reaction results 
as it does in the almost quantitative precipitation of the silvepa 
as chloride. 

In his power to arbitrarily alter the concentration of thd 
hydrochloric acid, however, the analyst has a means 
making the reaction even more complete, and it has long bet 
the practice to add " excess " of the precipitating reagent, f,«.J 
a quantity more than sufficient to combine with all the silveil 
present:— the explanation of this practical recipe has,howeveriB 
only comparatively recently been given. 



The attention of the student is particularly called to the j 
important argument in the preceding paragraphs, by means of 
which a theory of "chemical affinity," invented originally to 
account for the occurrence of incomplete and reversible 
reactions, is able not only to explain the occurrence of what 
are, practically speaking, quantitative, non-reversible reactions, 
but even to give a reason for one of the conditions — excess of 
the reagent — long known as essential to quantitative pre- J 
cipitalion. 

The conception of the typical chemical reaction, as ' 
reversible and ending in an equilibrium, is of great importance 
for another reason. The very completeness and non-reversi- 
bility of the reactions employed in analytical work, which has 
just been shown to depend on what might almost be called the 
"accidental circumstance" of the insolubihty of one of the 
L salta involved, was formerly held to be the distinguishing i 
I chsracteristic of a "chemical" as opposed lo a "physical"! 
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reaction. Under this latter head were grouped such " changes 
of state " as the passage from water to steam, and the 
** phenomena of solution," e.g.y of salt, in water, both being 
reversible changes which proceed until an equilibrium is 
reached depending on the temperature and on the concentra- 
tion (mass per unit volume) of the steam, on the one hand, 
and of the salt in solution on the other. 

The discovery that cheiiugal reactions proceed according 
to the same laws toward the attainment of a similar state of 
equilibrium modified by the same factors — among others 
temperature, concentration, and the special nature of the 
substances involved — has done much to remove this artificial 
distinction, which is one of those necessarily met with in the 
growth of every inductive science, since the vast mass of 
individual phenomena must first be broken up into groups if 
any progress is to be made, while an appreciation of the 
relations between these various groups can only be arrived at 
when the characteristics of each one of them have become 
properly understood. 



Though a very important factor of the chemical equilib- 
rium, the conoj^utzation of the reacting bodies is not the only 
one ; the tem^sxature and the spec ial natu re of the reagents are 
equally i mport ant, while the storage battery affords an excel- 
lent example of chemical action reversed by the influence of 
electricity. In this Introduction, however, special attention will 
be given only to the concentration and to the chemical nature 
of the substances involved, and, unless otherwise specified, all 
reactions are supposed to be carried out at constant temper- 
ature, and without the intervention of outside electrical forces. 

The influence of the " chemical nature " of the various 
reacting substances attracted attention at a much earlier 
period than did that of their concentrations ; and side by side 
with the classification according to their composition of the 
substances studied under the title of Inorganic Chemistry* 

* The compounds containing carbon, which outnumber by far all the others 
together, are usually treated of apart under the title "Organic" Chemistry, a name 
given to denote their importance in the animal and vegetable kingdom. Carbon 
dioxide, however, and the carbonates are, for convenience sake, generally included 
among the *' Inorganic " compounds. 
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there has grown up a secomi^s^stem of classilication based 
on their chemi cal b ehavior : as by far the greater num- 
ber of the ordinary analytical operations are carried out 
in aqueous solution, it is no doubt a consequence of this 
habit of working in the presence of water— which dates back 
to a period long before the birth of chemical analysis as such 
— that this second system of classification depends for its 
foundation upon the behavior of a certain number of the 
more commonly occurring compounds with that universally 
employed solvent. 

The reaction that serves as a starting point for the 
system of classification under consideration is that of the 
neutralization of acids by bases in aqueous solution. Nitric 
acid reacts with potash according to the equation 

HN<},_+KOH = K.\0:, + H.,0. 

Any substance that can take the place of the nitric acid in 
this reaction is called an Acid; while any substance capable 
of replacing the potash is termed a Base. S alts are s ub- 
stances formed by the reaction of an a cid w Kh a base, acc ording 
to the e'^uatlon"" given_ above. Thos e ox ides which can be 
fornied from the acids or the bases by the removal of water, or 
from which by the addition of water the latter may be 
obtained, have received the name of An hydride s ; while 
the elements are divided into the two classes of MEjTits 
and Non-Metals, according as their hydrates are bases or 
acids respectively. 

Thus the whole ciassiti cation, which embraces the great 
majority* of the inorganic compounds, turns on the distinction 
between Acids, Bases, and Salts. Each of these groups will 
be shortly considered in turn, the method of subdividing them 
(stiir with reference to the " reaction of Neutralization ") 
explained, and, finally, their relations to the "' reaction of 
Hydrolysis," the reverse of the reaction of neutralization, 
discussed. 



* Excluding, however, the moa 
p, 57 will be fuund a short accour 
which cnhibit the same telailoDi 
compounds above. 



of tbose decomposed by water, see p. 13. On 
or a group of substances coniainitig Sulphur, 
Iter se us those eiisting between the Oxygen 
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Alj ^(^.TDS react with pota^^h fn form salts (by definition). 
To "explain** this as due to the "affinity" or "avidity" 
of the acids for the potash is as much as to say that the acids 
react with that substance because they want to ; similarly, to 
say that a given substance has " avidity ** for bases is evidently 
merely another way of saying that it is an acid. The use of 
metaphorical language such as this, however, has been not 
without benefit to the science ; the chemists who pictured to 
themselves the acids as being endowed with desires, and 
striving to satisfy them, naturally set themselves the question: 
** What will happen when two acids want the same base ? " and, 
what is more, were interested enough to institute an experi- 
mental enquiry into the subject. In arranging for the contest 
they did their best to maintain a fair field, saw to it .that both 
acids were present in equivalent quantities, and that no acci- 
dent, such as the formation of an insoluble salt, should 
intervene to aid either side ; and when they found that, even 
then, the major portion of the coveted base fell to one of the 
combatants, they ascribed his victory to his greater "strength " 
— and thus were the first to give definite meaning to a term 
which had long been in use, and which will be found of the 
greatest convenience in describing many of the reactions in- 
volving the acids. 

To take a particular case, the distinction between a 
" weak" and a " strong" acid rests on the study of equilibria 
such as the following : 

(a) HNO^+NaAc ^=tHAc + NaNO^ 
(6) HNO^ +NaCl <=i^ HCl+NaNO.^ 

in the first of which nitric and acetic acids, and in the second 
nitric and hydrochloric acids, are " in competition " for the 
base soda. If, in each of these two cases, nitric acid and 
the salt be mixed in equivalent quantities, the state of affairs 
in the two solutions at equilibrium will be found to be remark- 
ably different — all but a trace of the sodium acetate being 
converted into sodium nitrate with expulsion of the acetic 
acid, while very nearly half of the sodium chloride remains 
undecomposed. The result of these experiments might be 
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in words by saying that nitric acid has a much | 
greater "avidity" for soda than acetic acid has, and just 
about the same as hydrochloric acid ; but as a great many ] 
other bases have been substituted for soda in the reactions ] 
formulated above, and as the relative " avidities " of the ni 
acetic, and hydrochloric acids for each of these other bases are 
found to be practically the same as for soda, it is allowable to 
speak of nitric acid as being " stronger " than acetic acid and 
"equal in strength" to hydrochloric, the mention of any 
particular base not being necessary where all act alike. 

The following table gives the relative strengths of some of J 
the acids more frequently met with in the laboratory, c 
pared with that of nitric acid arbitrarily fixed at lo units, and! 
the figures are the numerical expression of a most importanti 
phase of the "chemical nature" of the substances to which J 
they refer, [As recently as 1886 there were no methods avail- 1 
able for determining the relative strengths of the various acids, J 
other than those depending on chemical reactions, such, (otm 
instance, as those just discussed. Just about that time it was] 
found that the "strength" of an acid "in aqueous solution igl 
most intimately connected not only with its whole chemical| 
behavior, but also with a great many of the physical proper- 
ties of the solution itself, and since then a quantitative theory 1 
has been elaborated to connect the physical with the chemical 
phenomena, by means of which, from a measurement of the 
melt ing p oint, freezi ng po int, electric al conduc tivity, etc., of 
the solutiop of an acid, the numerical valus. of its strgugth, ; 
I defined above, may be c alcula ted.] 
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With respect to the Bases, much that has beep said of 
the acids holds true ; the same ilistiftction between ** weak '* 
and ** strojig " exists here as there, and the relative strength 
of the bases may be measured either by the study of their 
reactions, such as, for example, 

NaOH + KCl ^=^ KOH+NaCh 

or by measurements of the physical properties of their solutions 
in water, just as was the case with the acids. Potash, soda, 
and baryta are among the strongest bases ; ammonia in solu- 
tion {NH^OH ?) is much weaker, but the insolubility of the 
great majority of the inorganic basic hydrates renders an ac- 
curate determination of their relative "avidities" difficult, and 
the construction of a table for the commonly occurring bases 
analogous to that just given for the acids remains a work for 
the future. 

Before passing from this discussion of the " strength " or 
** avidity '* of the various acids and bases to a consideration of 
the chemical behavior of the salts, and of the important part 
which they play in the reaction of neutralization, one point must 
be emphasized, namely, this: it is only in aqueous solution, and 
then only if no '* insoluble " salt be concerned in the reaction, 
that the relative strengths of the acids (or bases) can be the 
sole factor determining the course of the reactions in which 
they may be involved. The ease with which the " weak " 
phosphoric and boracic acids expel sulphuric, nitric, and 
hydrochloric acids from their salts in the blow-pipe reactions, 
and the everyday use of hydrogen sulphide in the laboratory 
to precipitate the sulphides of the Second Group, show con- 
clusively enough that the assistance of heat and of the insolu- 
bility or volatility of the products of the reaction may often 
enable certain of the weakest among the acids to drive out the 
strongest from their salts. A detailed consideration in this 
place of the various typical cases would, however, occasion too 
great a break in continuity, and has been relegated to a posi- 
tion after the chapter on the First Group ; to be carefully 
studied by the student after a little practice has rendered him 
familiar with the substances discussed. 
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The next group is that of the Salts ; and naturally the 
first question to arise is : *' Is there anything in the behavior 
of this class of compounds analogous to that which under- 
lies the classification of the acids and bases according to their 
strength ?*' The answer to this question is contained — partly, 
at all events — in what has already been said on the subject of 
'* strength " and ** weakness"; and as a clear conception of 
the meaning of these terms is of great importance in under- 
standing the reactions met with in analysis, attention is par- 
ticularly directed to the following argument. 

In reactions of the type : 

HS+ MW^=:^ HW+MS 

(where HS and HW are two acids, and MW and MS their 
salts with the metal M), the acid HWy which is present at 
equilibrium in largest quantity, is called the " weak *' acid, as 
it has been "expelled " from the salt MW by the " stronger*' 
acid HS. Other (metaphorical) reasons might, however, with 
equal right have been given for the preponderance of the acid 
HW ; for instance, this — that both acids ** had a tendency to 
be formed,** or better, perhaps, " wanted to be free,'* and that 
the more astute of the two succeeded in gaining his freedom 
and imprisoning the other with M. All metaphor aside, that 
acid which at equilibrium is present in the greatest quantity is 
the ** weak '* acid by definition ; and the relative " strengths *' 
of any two acids have been found by experiment to be almost 
independent of the metal M of the last equation. If, however, 
any one of the sahs MW, M'W, M"W, . . . MS, M'S, 
M"S, etc., experimented with, say M"W, for example, had a 
greater */ tendency to be formed,** was " weaker ** or ** more 
astute *' than the others — or, to be more precise, if M"W stood 
in the same relation to the other salts, with respect to the 
reaction under consideration, that acetic acid does to nitric 
acid in the reaction with their sodium salts (page 14), then the 
quantity of the acid HW formed at equilibrium of the reaction 

HS+M"W ^=z^ HW+M"S 

would necessarily be less than in the reactions where these 
2 
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Other salts were used. In other words, if the various salts 
differed from one another in the same manner and to anything 
like the same extent as do the various acids, then the simple 
relations which have led to the conception of the "strength " 
of the acids (and the same holds for the bases) would not have 
existed. 

This peculiarity of the Salt solutions is at the bottom of 
the most striking feature of the whole system of chemical 
analysis, viz.: — the existence of " tests for lead " and " tests 
for silver" (and, similarly, ** tests for chlorides," ** tests for 
borates," etc.), i.e,, of reactions, for the most part involving 
precipitation, which are common to solutions of all the salts 
of lead and of silver, etc., respectively. This is possible only 
because these precipitates are almost without exception pro- 
duced by adding to the salt solution under examination a 
reagent solution of some other salt, and it would not be so 
generally the case if solutions of acids were used as the 
reagents. For instance, in the "test for lead by ^soluble 
borates," 

Pb A +MBor = Pb Bor + MA, 

none of the salts represented having any greater " tendency to 
be formed " than the others, the insolubility of the lead 
borate {Pb Bor) determines the course of the reaction, no 
matter what A and M may be. If, however, instead of a salt 
of boracic acid the acid itself be used, the direction of the 
reaction will depend not only on the insolubility of the lead 

Pb A +H Bor ^zzz:^ Pb Bor+HA 

borate, but also on the relative strengths of the two acids 
involved ;* and, as a matter of fact, in solutions of lead 
nitrate, no precipitate is produced by boracic acid. 

This simplicity in the analytical reactions, caused by the 
small number of factors on which their course for the most 
part depends, viz., the relative solubilities of the substances 
involved, and the relative strength of the various acids (and 

* Other examples page 50 (reactions of Group I), and page 56 (introduction to 
Group II). 



(( xTTr:> A tr " 



WEAK" SALTS. 19 

bases), if any be present, is somewhat marred by two circum- 
stances : 

First, the exceptional properties of a few salts, mainly deriva- 
tives of mercury and cadmium ; and 
Second, the existence of a class of compounds known as the 
** double salts," formed from the union of two or more 
such " simple salts " as have heretofore been discussed. 
Mercuric cyanide (soluble in water) furnishes an extreme 
type of a ** weak'* salt — if, for the want of a better, this term 
may be used*: solutions of cyanides convert mercuric salts 
quantitative^ into mercuric cyanide : hydrocyanic acid, 
though one of the weakest of acids, completely expels nitric 
acid from combinations with (dyad) mercury : solutions of 
mercuric cyanide give no precipitates with any of the 
** reagents for mercury "t — in other words, equilibrium is 
arrived at in the reaction mentioned only when the system 
has passed [almost] quantitatively into the state represented 
on the right of the following equations : 

Hg{N0,), + 2KCN = Hg{CN), + 2KN0, 

Hg{N0^)^ + 2HCN = Hg(CN)., + 2HN0^ 

Hgl^ + 2KCN = HgiCN) , + 2KI 

Among the " simple '* salts, however, cases resembling even in 
a slight degree that just considered are extremely rare (cf. 
mercuric chloride, and mercuric sulphocyanide). 

The class of bodies known as double salts, many 
examples of which will be met with in the course of analytical 
work, are important enough to merit a short discussion here. 
These "double salts'* are compounds formed by the union of 
two or more salts (hereinafter, for convenience sake, termed 
their " components"), familiar examples being the alums, e.g., 
KAl{S0^)^i2H^0, potassium plumbic iodide KPbl.^, etc., 
etc., to which may be added for the purposes of this discus- 

*The new phys. chem. theory referred to on p. 15 includes mercuric cyanide 
and the " weak " acids and bases in the group of bodies ** slightly dissociated electro- 
lytically in solution." 

tThe only exception is the precipitation of the extremely insoluble mercuric 
sulphide. 
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sion the compounds formed by ammonia with the salts of 
silver, copper, etc., e.g., AgCl 3-V//3 

Some of these double salts, for example, alum, may be 
dissolved in water and ctystallized from that medium ; others, 
again, are immediately decomposed by water into their com- 
ponents, and can only be dissolved in solutions of one of 
these; but, as might be expected, their behavior in this 
respect is largely influenced by the relative solubilities of the 
components and of the double salt itself, and the question to 
what extent a double salt, e.g., alum, exists as such in its 
solutions can be answered only by comparing the ** physical " 
properties of the solution in question with those of solutions 
of each of the components separately. 

Measurements of this nature have been made for a great 
many of the double salts, and examples of every degree of 
decomposition in solution have been found, from the case of 
alum, whose solution appears to contain nothing but a 
mixture of the two components, to that of the double salts of 
potassium cyanide with the cyanides of iron (potassium ferro- 
cyanide and ferricyanide respectively), whose solutions show no 
trace of the presence of either of the simple salts from which 
they may be prepared. Intermediate between these two 
extremes — but rather nearer the ferrocyanide end of the 
series — come the ammoniacal silver and copper compounds 
above mentioned, and many of the double cyanides ; while 
nearer the alum end come the double salts of lead chloride 
with the alkali chlorides, and those formed by many of the 
metallic salts with the alkali citrates and tartrates. In all 
the instances considered there is in solution an equilibrium 
between the two components and the double salt 

and the influence of concentration or the ** action of mass '* 
is just the same here as in other similar cases. x\ detailed 
discussion of a few examples of the many complications which 
may be introduced into the reactions by the existence of 
double salts, many of them (those near the ferrocyanide end 
of the series) possessed of a '* great desire to be formed,'' 
will be found in the chapter on Reactions of the First Group. 
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A study of the reaction of Neutralization, to which the 
preceding five pages have been devoted, besides affording a 
basis for the classification of the inorganic substances accord- 
ing to their chemical nature, has, in connection with what has 
been said as to the nature of the chemical reaction itself (pp. 3-12), 
served to throw a good deal of light on the peculiar features of 
the reactions employed in chemical analysis, and on the char- 
acter of the system of chemical analysis itself. A short dis- 
cussion of the reverse reaction, that of Hydrolysis, i.e., the 
action of water on some of the salts, forming from them 
again the acids and the bases from which they were originally 
prepared, will be found equally useful in defining the relations 
subsisting between the three classes of which so much has 
already been said. 

To* begin with an example of the reaction referred to. 
The salt, bismuth nitrate, although obtained by dissolving the 
weak base bismuthous hydrate in nitric acid (and evaporating 
the solution), is nevertheless decomposed by pure water form- 
ing again nitric acid, and the (insoluble) bismuthous hydrate ; 
that is, the reaction 

proceeds in either direction, according to the concentration of 
the nitric acid employed. If the equation just given be 
written in words instead of in symbols, thus : 

Hydrogen nitrate + Bismuth hydrate 4 ^ Hydrogen hydrate + Bismuth nitrate 

its analogy with the following is at once apparent, 

Potassium nitrate + Sodium hydrate ^ ^ Potassium hydrate + Sodium nitrate, 

the equilibrium between the reactions of neutralization and 
hydrolysis may be compared to that which has served to 
determine the relative strength of the various bases, and in 
the former case the weak bases bismuthous hydrate and 
water may be pictured as " contending*' for the nitric acid. 

From this point of view, it would follow that it is only 
the salts of weak bases that can be decomposed by water ; 
but experiment shows that the salts of very weak acids also 
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readily ''undergo hydrolysis.** If the explanation for this is 
to be analogous to that just given, it will be necessary ta 
speak of water as a " very weak acid *' — in other words, the 
same substance must be spoken of in one breath as a base, 
and in the next as " the very opposite" — an acid. And this is 
precisely what it is proposed to do, not only in this case, 
where the only reasons that can be urged are those of analogy,' 
but also in the cases of plumbous, antimonious, stannous, and 
chromic hydrates and the hydrates of aluminium and zinc,' 
all of which show their right to the name "base** by forming 
salts with sulphuric acid, and to the name " acid ** by forming 
salts with potash. The fact that so many substances belong 
equally to both of these classes contributes largely to the 
formation of correct conceptions as to the relations subsisting 
between the groups into which a study of the reaction of 
neutralization has divided the inorganic substances. 

The view just taken of the action of water on the salts 
explains many of the *' abnormal " reactions met with in the 
course of analysis, where, it cannot too often be insisted on, 
almost all the work is done in aqueous solution. The action 
of sodium carbonate, for instance, on ferric chloride, instead 
of forming ferric carbonate according to the equation 

results only in the formation of the hydrolytic decomposition 
products of that salt, viz., ferric hydrate and carbonic acid ; 
and the same is true of all reactions which *' ought to *' lead 
to salts of the weak bases* with very weak acids, such as 
carbonic, thiosulphuric, etc., etc. Such salts, consequently, 
^'do not exist,'* a phrase that probably means nothing more 
than that all attempts to prepare them have been made in the 
presence of water, and were consequently doomed to failure 
from the outset. 

But another question arises. If such compounds should 
some day be prepared by methods which totally avoid the 
presence of water, would they then be entitled to the name 

*For examples see introduction to Group III. 
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''salts *' as defined above ? Is the nitrite of sulphuric hydrate* 
a salt ? Are the chlorides and sulphides of phosphorus salts ? 
Certainly not ! The definition of a salt, taken in connection with 
what has been said of the reaction of hydrolysis, clearly excludes 
all bodies that cannot exist in the presence of water, or, at all 
events, in the presence of a solution of one of their hydrolytic 
decomposition products. And this answer shows what an 
important part the behavior of the inorganic substances with 
water has played in the classification of them according to 
their chemical behavior in general, although this feature was 
apparently ignored in the definition of acid base and salt given 
on page 13, and although the large group of bodies decomposed 
by water, which would have been the first to receive a generic 
name if the classification had been carried out from the point 
of view of the reaction of hydrolysis, are at present without 
one. The products of the hydrolytic decomposition of this 
important though nameless classt have been divided into two 
groups (acids and bases), and anj^ pair are said to belong to 
one and the same group or not, according as the body prepared 
from them directly or indirectly by the removal of the elements 
of water is or is not decomposed by that substance. No 
wonder that some individuals find themselves in both groups \ 
From this point of view, the anhydrides of the acids and 
bases, the acid chlorides {e.g., PC/5), and bodies such as the 
nitrite of sulphuric anhydride already referred to (and the 
*' mixed anhydrides" of organic chemistry), differ from the salts 
only in being more completely decomposed by water ; and thus 
a study of the reaction of hydrolysis has rendered it possible to 
assign to their proper places in the systenri of classification 
adopted a group of substances which, from the very fact that 
they are decomposed by water, could take no part in, and con- 
sequently could not be classified by, the reaction of neutralization 
in aqueous solution. 

In conclusion, it may again be insisted on that the student 
in the faculty of Arts or of Medicine does not attend the labora- 

*Nitrosulphonic acid. 

+ Which includes many of the "Anhydrides," e.g., sodium oxide, sulphur tri- 
oxide, etc. 
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tory in order to qualify himself for a position as professional 
analyst, and that he should take advantage of the opportuni- 
ties afforded him in the laboratory course sketched in this 
book, not merely by memorizing the scheme of seps^ration 
adopted nor by acquiring proficiency in the art of " balancing 
equations,'* but by endeavoring to become familiar with the 
nature of chemical reactions and to understand how they may be 
modified by the special conditions of each experiment. It is 
hoped that in this attempt he may be materially assisted by 
the account here given of the course of reactions in solution 
where none but soluble substances are involved (pp. 4-9) ; of 
the modifications introduced by the presence of insoluble or 
volatile compounds (pp. 9-11) ; and, finally, of the system of 
classification of the more important inorganic substances 
based on the parts that some of them play in the reactions of 
neutrahzation (pp. 13-20) and of hydrolysis (pp. 21-23). 
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1. Behavior, on heating alone. — (a) A small portion of the 
substance is cautiously heated on platinum foil (a piece of 
tin-type iron will answer in many cases). Volatilization — com- 
plete or partial — indicates amn^Qnium, mercury, or arseuic 
compounds. Blackening indicates organic^sjibstances. If the 
subject for analysis be a liquid, a couple of drops must be 
evaporated on the platinum foil with gentle heat, and the 
residue treated as above ; if there be no residue on evapora- 
tion, all metallic salts are absent. 

(6) The substance is heated in a dry test-tube. Colorless 
drops condensing on the cool part of the tube indicate in gen- 
eral the presence of water (water of crystallization, etc.). 
Odor of amfnqnia indicates ammonium compounds ; red 
vapors, nitrates. 

2. ^'Flame test.'' — The substance is introduced into the non- 
luminous flame of a Bunsen burner on a piece of platinum (or 
iron) wire. 

crimson, .yellow, .yellow 
Color of the flame. ..qim|^i.. yellow. yi^|L. . red red green, green 

Compounds of t!^' Na K^ Sr* Ca* Ba* Cu* 

V- ^ B(0H)3t.-> 



i\ 



*Better if the substance be heated in the reducing flame of a blowpipe, and 
moistened with hydrochloric acid, before bringing into the Bunsen flame. 

tBest after moistening with sulphuric acid. 

All other colors are obscured by the yellow sodium 
light, which, however, is cut off by cobalt glass or indigo ' 
solution ; potassium shows violet red through these screens ; 
strontium and calcium somewhat similar. 

2k 
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3. A bead of borax, on addition of a (mihute) portion of the 
substance, is colored : 

In the Oxidation Flame. Presence of. In the Reduction Flame. 

green (red when hot) chromium green 

bjye cobalt blue 

blue (green when hot) ....copper r^d 

yellow (red when hot) iron green 

violet manganese colorless 

red brown nickel grey 

A bead of microcosmic salt (phosphor salt), on addition of a 
minute portion of the substance, is colored : 

In the Oxidation Flame. Presence of. In the Reduction Flame. 

green (yellow when hot) chromium... green (yellow when hot) 

blue cobalt blue 

blue (green when hot)... copper red 

yellow iron yellowish green 

violet : . . manganese . .colorless 

yellow nickel grey 

4. Behavior on heating with soda on charcoal.— (a) Before 
I the blowpipe. A small quantity of the powdered substance is 
■ mixed intimately with . from four to six times as much 

anhydrous carbonate of soda (sodium bicarbonate answers as 
. well), moistened with a drop of water, placed in a small hollow 
in a block of charcoal and heated in the reducing flame of the 
blowpipe till all is melted. 

Deflagration : nitrates, chlorates, perchlorates, iodates, etc. 

Odor of garlic : arsenic. 

Sodium sulphide is formed (the fused mass, if moistened 
with water and brought on a silver coin, stains the latter black): 
All sulphur compounds. 

A metal is reduced with or without formation of an incrus- 
tation of oxide in front of the flame. 

Metal. Presence of. Incrustation. 



I 
f 



White, bright malleable specks. . .tin . . 
** " ..silver 
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Metal. Presence of. Incrustation. / 

'. Red, bright malleable specks. . . .copper .... 

V Grey, magnetic powder iron 

] " ** ** cobalt 

; " " " nickel 

i Bright brittle globule antimony, .white, volatile. I 

> ** ** ** bismuth ... brown yellow, non-volatile J 

J Bright malleable globule lead yellow (hot), white (cold). ' 

/ ** " " ....zinc white. 

" ** ** cadmium, .brown-red. 

(6) Bunsen's method of Reduction : A strip of filter paper 
about 8 cm.^ long and i cm. wide is rolled tightly 
together and dipped for about half its length into melted soda 
crystals. A small particle of the substance is mixed on the 
palm of the hand with melted soda (use a penknife), and a 
little of the mixture placed on the tip of the prepared roll of 
paper. It must first be carbonized in the upper oxidation 
flame of a Bunsen burner, then brought into the hottest part 
of the lower reducing area, and finally let cool in the dark cone 
of the flame. The reduced metal can be isolated by treating 
in a porcelain dish with water. 

5. Formation of an incrustation on porcelain : The sub- 
stance, supported on a stiff fibre of asbestos, is brought into 
the upper reduction flame (a rather small flame must be used) 
of a Bunsen burner, a porcelain evaporating dish full of water 
being held in the upper oxidation area. White incrustation^ the 
oxides of arsenic, antimony, zinc ; brown-yellow, bismuth ; 
yellow, lead ; yellowish white, tin ; brown-red, cadmium. 

If the dish be held immediately above the asbestos fibre 
in the upper reducing flame, a metallic incrustation is obtained : 
black, arsenic, antimony, zinc, bismuth, lead, cadmium, tin, 
grey and discontinuous, mercury. By moistening the incrusta- 
tions on the porcelain with the proper reagents the character- 
istic reactions of the various substances may be obtained. 

Note on the Use of the Blowpipe.* 

'* In subjecting a body to the action of the blowpipe we 
' seek : (i) to raise its temperature to as high a degree as 

*Prof. E. J. Chapman's '* Blowpipe Practice." Toronto : Copp, Clark Co., 1880. 
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possible, SO as to test the relative fusibility of the substance ; 
or (2) to oxidize it, or cause it, if an oxide, to combine with a 
larger amount of oxygen ; or (3) to reduce it, either to the 
metallic state, or to a lower degree of oxidation. The first and 
second of these effects may be produced by the same kind of 
flame, known as an oxidating flame (or O.F.), the position of the 
substance being slightly different ; whilst the third effect is 
obtained by a reducing flame (or R.F.), in which the yellow 
portion is developed as much as possible, and the substance 
kept within it, so as to be cut off from contact with the 
atmosphere. 

*' An oxidating and fusion flame is thus produced. The 
point of the blowpipe is inserted well into the flame of the gas 
jet, lamp or candle under use, so as almost to touch the surface 
of the gas burner or wick. The deflected flame is thus well 
supplied with oxygen, and its reducing or yellow portion 
becomes obliterated. It forms a long narrow blue cone, 
surrounded by its feebly luminous mantle. The body to be 
oxidized should be held a short distance beyond the point of 
the cone ; but to test its fusion, it must be held in contact with 
this, or even a little within the flame. In this position many 
substances, such as those which contain lithia, strontia, 
baryta, copper, etc., impart a crimson, green, or other coloi: to 
the outer and feebly luminous cone. 

'* For the production of a reducing flame the orifice of the 
blowpipe must not be too large. The point is held just on the 
outside of the flame, a little above the level of the burner or 
wick. The flame, in its deflected state, then retains the whole 
or a large portion of its yellow cone. The substance under 
treatment must be held within this (although towards its 
pointed extremity), so as to be entirely excluded from the 
atmosphere ; whilst, at the same time, the temperature is raised 
sufficiently high to promote reduction. As a general rule, 
bodies subjected to a reducing tireatment should be supported 
on charcoal.'' 
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SOLUTION. 

Before proceeding with the analysis in the wet way, the 
substance under investigation must be brought into solution. 

If insoluble in cold water, it may be boiled for some time 
with a little water in a test-tube ; any residue remaining 
undissolved should be filtered off, and a drop of the filtrate 
carefully evaporated on foil or on a watch glass ; a residue 
shows that the substance is partially soluble. The filtrate 
should also be tested with litmus paper. 

The part insoluble in water should next be treated with 
dilute hydrochloric acid, proceeding as above: (if the prelim- 
inary examination has shown the presence of lead or silver, 
this treatment with hydrochloric should be omitted). . 

If insoluble in hydrochloric acid also, dilute nitric acid 
must be tried, and, finally, aquajjggia (ppur conq. hydrochloric 
acid on the substance, and add a few drops of cone, nitric acid). 

If any residue remain after treatment with aqua regia, it 
may be : 

Silver chloride, bromide, iodide, cyanide. 

The sulphates of barium, strontium, lead (calcium). 

The fluorides of calcium, barium, strontium, magnesium, 
aluminium. 

Silicic acid : the silicates. 

Tin dioxide : antimony pentoxide. 

Carbon : sulphur, etc. 

Of these the silver salts may be reduced before the blow- 
pipe to metal, and this dissolved in dil. nitric acid ; the 
chloride and cyanide of silver are soluble in ammonia (the 
cyanide is converted into the chloride by hydrochloric 
acid). Lead sulphate may be dissolved in the basic tar- 
trate or acetate of ammonia, or may be converted into lead 
sulphide (by warming for some tims with ammonium sulphide) 
washed and dissolved in dil. nitric acid. Antimonic oxide 
dissolves in tartaric acid. Tin dioxide, if it has once been 
thoroughly ignited, can only be brought into solution by 
melting it with caustic soda in a silver crucible. The others 
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(barium, calcium, and strontium sulphates, and the insoluble 
fluorides and silicates) must be fused with four times their 
weight of a mixture of sodium and potassium carbonates, the 
melted mass powdered, and boiled with water (which dissolves 
the carbonates, silicates, and fluorides or sulphates of the 
alkalies), filtered, and then treated with hydrochloric acid to 
bring the carbonates of barium, strontium, and calcium into 
solution. 

Table of the ' Solubilities of the More Commonly 

Occurring Salts.* 

1. Easily soluble in water. 

Group I . Nitrates and acetates; fluoride of silver. 

Group Ila. Chlorides, bromides, and iodides of tin ; 
stannous sulphate ; arsenic acid. 

Group lib. Nitrates and acetates ; chlorides of mercury, 
copper, and cadmium ; chloride of bismuth (dec. by 
much water) ; bromide and iodide of cadmium ; mer- 
curic cyanide ; sulphates of copper, cadmium, bismuth; 
cupric chromate* 

Group III. Chlorides, bromides, iodides, sulphates, nitrates, 
acetates. 

Group IV, and Magnesium, Chlorides, bromides, iodides, 
nitrates, acetates ; hydrates and sulphides of barium 
and strontium ; sulphate and chromate of magnesium. 

Alkalies, All salts except the perchlorate, acid tartrate, 
chlorplatinate and silicofluoride of potassium, and the 
acid pyroantimonate of sodium. 

2. Difficultly soluble in water, soluble in hydrochloric or nitric 

acids. 
Group I, Silver sulphate ; mercurous sulphate; lead chloride 

and iodide (lead chloride is more easily soluble in hot 

water^than in hydrochloric acid). 
Group Ila, Antimoniaus chloride, bromide, and iodide 

(dec. by water) ; arsenious acid. 
Group lib. Bromide and iodide of bismuth ; mercuric 

chromate. 

*Taken from H. v. Pechmann, Tafeln ztir qiialit. chem. Analyse, 
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Group IV. and Magnesium. Calcium and strontium hy- 
drates; calcium sulphate (a liUle-.p&sieY in hydrochloric 
acid than in water) ; strontium sulphate (very difficultly 
soluhle); calcium sui^J^dc ; calcium and strontium chro- 
mates ; barium iodate; borate oxalate and tartrate of 
magnesium. .; -v^' 
. Insoluble in water.fete^tgijp hydrochloric or nitric acids or 
in aqua regia. ^ftj**^ 
Group I. Oxides, sulphides, phosphates, carbonates ; 
chlofide, bromide, iodide, chromate, arsenite and 
arseniate of silver ; mercurous chromate. 
Group Ila. Sulphides ; stannous oxide ; antimonious 
oxide ; antimonyl sulphate ; stannic phosphate (insq|uble 
in nitric acid). 
Group III. Oxides, phosphates, carbonates, sulphides. 
Group IV. and Magnesium. Barium chromate ; magnesium 
oxide;- phosphates, borates, and oxalates of barium, 
strontium, and calcium; carbonates; silitates (with 
separation of silicic acid) ; calcium, barium, and stron- 
tium tartrates, • 
. Insoluble in water ; difficultly soluble in acids. 

Group I. Sulphate and chromate of lead. * 

Group IV. and Magnesium. Fluorides. 
. Insoluble in water and acids (see above). 



DETERMINATION -OF THE BASES. 



DIVISION INTO GROUPS. 

The first step in the determination of basSW the wet way 
is the subdivision into groups. According to their behavior 
toward certain so-called group reagents it is possible to divide 
the commonly occurring bases, in solutions of their salts, into 
five distmct groups, as shown in the following table : 
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The inetais of this group are distinguished by the fireftt 
nuHiber of iivsoluble salts that they form. A number of these 
should be precipitated from pure dilute solutions of lead, silver, , 
aud inercurous nitrates respectively — the reagent solutions are 
too concentrated, and should be diluted with their own volume 
pf water, and about one cubic centimetre oj this dilute solution 
used in each case. Particular attention should be paid to and 
a record should be kept of the colors, and state of division of 
these pre^pitates ; whether they are light, heavy, slimy, gela- 
tinous, granular, or crystalline; how they beliave in the light, 
on heating with water, with "excess" of the precipitating 
reagent, etc, etc. ; and any special reaction.., such as the solu- 
tion of the " insoluble " silver salts in ammonia and of the k-ad 
salts in potash, should also be tried for the first time with 
material of known composition. 

An investigation of this nature should be carried on with 
pure salts of each metal as it is met with in the laboratory 
course ; it is only in this manner, and not from the book, that 
the necessary personal acquaintance with the varjous precipi- 
tates, etc., is to be gained. 

The following practical hints will be found useful in per- 
forming the various operations : 

Precipitation. — The reagent should be added in small 
quantities at a time, and between each ad(li|i^BM|Mutcipitate 
induced to subside Uy beating and siianHRHiHpould be 
repeated until finally a drop of the rL:u':n3JkD^(IceS nqg:loudi- 
ness in the clear liquid above the pr. ■ ipfflffe. jfthy Wirther 
addition of the reagent serves only to iiiLcrfcre ';Iln the subse- 
quent course of the analysis. -^ 

Filtration. — The filter paper should in every case be moist- 
ened with distilled water before use. As much as possible of 
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the liquid in the test tube should be poured on the filter pap^ 
before the main part of the precipitate is thrown on. If the ^ 
liquid come through muddy, it should be poured back on the 
same filter, and this repeated until a clear tiltraie is obtained. 
If the precipitate has been treated as described under " precipi- 
tation," no difficulty should be met with in hltration. Many 
precipitates, when first formed, are slimy, and stop up the 
."Tferes of the filter paper ; repeated warming with water and 
.puking are the best remedies. 

Washiuf; the precipitate. — This may be done on the filter 
paper bj' successive small portions of water from the wash 
Bottle. The quantity of foreign matter left with the precipi- 
tate may be reduced almost in a geometrical ratio by eaclj 
successive washing, if each fresh addition of water be made only 
when the last has completely drained away. The washing 
should be continued until an investigation of the vt^h-water 
shows that the otiject of the washing has been attained. The 
wash-waters themselves should be thrown away, and not used 
to dilute the first l-^trate. 
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Occurrence. — Ores : galena PbS, cerussiteP^jCOg, angle- 
site P6SO4. Metallurgy: metallic lead is obtained from 
galena by first roasting in air to. convert part of the sulphide 
into oxide, and afterwards raising the temperature, when the 
oxide formed reacts with the undecomposed sulphide to form 
metallic lead, 2PbO + PbS = sPi + SO... It is also ob- 
tained from the sulphide by reduction with charcoSI or iron. 
In commerce : metal; alloys, e.g'., solder, and type-metal; and 
litPai-.., rOi.i: [..i I... 1. 1, Pb:,0^; lead nitrate, P^OVO^)-; sugar 
of lea. I, l'b\C.II 0., '.; white lead, basic carbonate ; chrome 

Ai.iMic \\'i-,«;HT.^Stocc/i. fig. (i) 1568.9126 grm. lead 
yielded -iaOy'^.ifjb gim. lead nitrate; (ii) IO9O.6085 grm. lead 
yielded S^Zi.g-^S^ grm. lead sulphate. Specific heat, 0^0^14. 
Volatile compoumh, lead chloride, and certain organic com- 
pounds, e.g., lead tetra-methyl. homorphous relations, with 
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calcium, strontium, barium, magnesium, manganese, zinc, 
andiron in MeCO^; with strontium and barium in MeSO^; 
with calcium in Uc.^Cl (POJj. 

Chemical Relations. — Lead occupies a place near the 
foot of the fourth column of Mendelejeffs table on the left-hand 
side of, but not far from, the diagonal line. The compounds 
in which it acts as a tetrad are, however, very few : the 
dioxide PhO.. forms salts (plumbates) analogous to the stan- 
nates, and more remotely to the carbonates, while plumbic 
chloride PbCl, resembles stannic chloride in being a liquid at 
ordinary temperatures, and in being decomposed by water, 
though soluble in hydrochloric acid. The plumbous salts 
Pb .V.J, in their solubilities and isomorphous relations, resemble 
those of calcium, strontium, and barium more than those of 
the magnesium group ; and though many basic salts of lead 
are known, and the hydrate dissolves in cagstic potash solu- 
tion, it is nevertheless a much stronger base than stannous 
hydrate, as may be seen from the stability of the plumbous 
salts with respect to water, and from the existence of a normal 
carbonate. 
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Lead is a bluish-whitu, soft, malleable metal, sp.f^r, 11.3S, 
m.p. iil^'C. Tarnishes in air at ordinary temperatures from 
formation of plumbous oxide PhJ). Easily soluble in dilute 
nitric acid, with evolution of nitric oxide xVO, slightly soluble 
in cone, sulph. and h\'drochl. acids, insol. in dil. sulph. acid. 

Plumbous compounds''' PbX.,, Colorless in solution unless 
the acid be colored. 

Plumbous sulphide, — PbS, Hydrogen sulphide from solu- 
tions of plumbous salts strongly acidified with hydrochl. acid 
precipitates brick red or yellow sulphides, c^., Pb.^SCl.^y 
analogous to the basic salts. 

Potassium plumbite, — Potash, not in excess, with soluble 
plumbous salts forms plumbous hydroxide, Pb{OH).,, white, 
easily soluble in excess of potash to form potassium plumbite, 
K.J^bO,, : formed also by addition of potash to all insol. 
plumbous salts except the sulphide and ferricyanide. 

Potassium plumbate. — Dilute nitric acid with red lead 
forms dark brown amorphous plumbic oxide ; also formed by 
the action of an alkaline solution of bleaching powder on 
plumbous chloride. Plumbic oxide dissolves in hot cone, 
potash solution to form potassium plumbate K.^Pb O^. 
Plumbous hydroxide Pb {OH),^ in a solution of potassium 
plumbate produces a yellow precipitate, Pb.^O^H.^0, converted 
into red lead on heating. 

Oxidation and Reduction. — Lead is converted into 
plumbous and higher oxides by igniting in air. Plumbous com- 
pounds are oxidized to plumbic by the action of nitric acid, 
bleaching powder, etc. Plumbic compounds with dil. acids or 
reducing agents such as glycerine, sugar, and oxalic acid, yield 
plumbous compounds or metallic lead. Plumbous and 
plumbic solutip.ns deposit metallic lead on aluminium, cad. 
mium, maiM|itrmy zinc, etc. (C/. position of lead in electro- 
chemical ^^^|S.) 

BlowWPE Reactions. — B, B, on C. with carb. soda, all 
lead compounds, are reduced to metallic, soft malleable globule. 

*Most insoluble salts of lead may be produced by adding 'to a soluble lead salt 
a soluble salt of the required acid, e,^., lead acetate with soda curbonate precipitates 
lead carbonate (basic). 
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Borax and micr acosmic salt beads : O.F. yellow, hot ; colorless, 
cold. (Platinum wire spoiled in the reducing flame!) 

Basic Salts. 

These are bodies intermediate in composition between the 
salts and the bases ; on treatment with acids they react, form- 
ing the normal salt — hence the name given to the group. Only 
the weaker bases form basic salts. 

The basic salts of lead may be prepared by the following 
methods (which are also for the most part applicable in the 
case of other metals) : 

(i.) By boiling lead salts with the hydrate, filtering hot 
and allowing to crystallize ; the basic nitrate Pb(NO^)^. Pb 
{OH)^ may be obtained in this manner in long needle-like 
crystals. 

(ii.) By adding to the solaCi^ of a lead salt, potash, in 
quantity insufficient to convert it altogether into the hydrate: — 
the hydrate formed ceacts with the unaltered salt. 

(iii.) By treating many insoluble salts of lead with 
ammonia or with potash in quantity insufficient to dissolve 
the salt; e.g., red basic chromate of lead, from the yellow 
chrotnate. The reaction ends in an 'equilibrium between 
ammonia and the normal salt on the one hand, and t!ie basic 
salt and the salt of ammonia on the other. 

(iv.) From the salts of lead with weak acids, by hydroly 
lead carbonate, for instance. This mode of preparation, 
(ii.), may be considered as due to a secondary reactii 
between the unaltered salt, and the base formed by hydrolysii 

These salts are often obtained in the fonn o( amarphi 
muddy-looking precipitates, whose conipo^itjinfa^HM acco 
ing to the mode of their formation ; and Kfi^^Hicd washing 
very often converts them entirely into the P^H^^E (hydrolysis), 
it is next to impossible to obtain them in a fit- condition for 
quantitative analysis ; — to set up chemical formut^t for such 
indefinite substances would be a mere waste of time. In 
some few cases, however, notably in that of the basic nitrates 
of lead, a large series of crystalline salts has been isolated. 
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It has been proposed to represent these basic salts by 
** structural formulae" analogous to those of organic chemistry 
—thus, instead of Pb(NO^),,, Pb{OH}^, would be written 
NO.-Pb-OH, intermediate between NO^^-Pb-NO.^ and 
HO^-Pb-OH; instead of Pb(XO,X,' Pb(OH).. ^PbO, the 
structural formula NO,,-Pb-0-Pb-0-Pb-OH ; while the 
formula of *' white lead," instead of 2PbC0,,. Pb {OH).,, would 
become HO-Pb-0-CO-O-Pb-O-CO-O-Pb-OH. As 
the molecular weights of most of these substances are 
unknown, the question of their formulae cannot be regarded as 
definitely settled. 
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OccuRRENXE. — Orcs : native ; silver glance, AgS ; pyrargy- 
rite, A<j;.^SbS.^ ; in varying quantities in most specimens of 
galena. Metallurgy : metallic silver is obtained from its ores 
according to three diflfe'rent processes : either it is alloyed wuth 
lead and the lead removed by oxidation, or it is amalgamated 
with mercury and this removed by distillation, or, lastly, it is 
brought into solution as a salt, and the metal precipitated by 
means of copper. In commerce : alloys, e.g., silver coin ; 
lunar caustic, AgNO.j. 

Atomic Weight.— S/o<jcA. fig. (i) 897.3x77 grm. silver 
chlorate yielded on reduction 298.4230 grm. silver chloride ; 
(ii) 397.3177 grm. silver yielded I2S7.7420 grm. silver chloride. 
Specific heat, 0.0570.- Isomorphoiis relations, with sodium in 
Afe^SO^y WitKfHe'alkalies in silver alum. 

CiTEMic^aji|JtELATiONS. — Silver is usually placed in the 
first column^Hl|€adelejeff s table. Copper, silver, and gold 
fc^nning a groupF ' intermediate in properties between nickel, 
palladium, and platinum, on the oae hand, and zinc, cadmium, 
and mercury on the other. The similarity of silver to sodium 
is confined to the formulae of their salts, — both of the type MX 
— to the isomorphism of a few of their compounds, and to the 
existence of a quadrantoxide Ag^O, and of a silver ultramarine. 
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The metal resembles copper in being one of the best conduc- 
tors of heat and electricity, and the cuprous salts in their 
insolubility and in^||fcij^ower of forming compounds with 
ammonia are v^ry lUdP corresponding derivatives of silver. 
Silver occupies a place among the '* noble " metals at the 
** negative " end of the electro-chemical series (see page 55),Snd 
is easily obtained in the metallic state from its salts. With 
the exception of the nitrate and acetate, all the ordinary salts 
of silver are insoluble in w^ater ; many soluble double salts, 
however, are known. 

The Compounds of Silver. 
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Acetate AgC^H.^0.^ 

^ Bromide Ag fir 

^ Carhoftate ..... Ag^ CO^ 

Chloride Ag CI 

* CkromcU e -^,?"-2^''^4 

Cyanide Ag [CN)^ 

Ferrocyan. Ag^Fe (CW)^ 
% Ferricyan .A^^Fe (CN)f.^ 
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^ Iodide Ag I 

ITitrate Ag NO.^ 
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Other oxides Ag^O, AgO. 
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dec. |S* eigL^kjM^ed forms sulphide. 

-. ■■-■;■.■■. ''.^ 




dide and sulphide. 



Sol. pot. cyan. : all insol. silver salts except sulphide. ' = 

Sol. tartrates : carbonate. 

Sol. ammonia and in ammon. chlor. : all insol. silver salts 



Silver is a soft, white,, lustrous, malleable metal, sp, gr, 
10^, m,p. Q54 °C. Unoxidized in. air at ordinary tempera- 
tures unless in presence of ozone r tarnished by hydrogen 
sulphide and by sulphur dioxide. Dissolves readily in dil. 
and cone, nitric acid, .^ sparingly in dil. and cone, sulphuric 
acid and cone. hydrocU.^flld)' -insol. in dil. hydrochl. acid. 
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Silver salts, colorless, except where the acid is colored- 
Silver thiosulphate Ag.^S,^0.^ white, from silver solutions by 
sodium thiosulphate, decomposes itnjo^^jMfly into black silver 
sulphide. ^1^^^ 

Ammonia silver salts. — Ammonia dissolves all salts of 
silver except the sulphide and iodide to form double salts, 
^_.g, {NHq).^ (/1^C/)o, etc. From this solution cone, potash 
precipitates slowly black fulminating silver, which upon 
boiling is converted into silver oxide. 

Action of Light on Silver Compounds. — Most silver 
salts under the action of light undergo blackening, probably 
due to formation of compounds such as Ag^Cl, Ag^Br, or 
metallic silver. Upon the easy reduction of these compounds, 
especially in presence of certain organic substances, such as 
cellulose, gelatine, etc., depends the use of the chloride and 
bromide of silver in photography. 

Oxidation and Reduction.— Silver is deposited as a 
metallic coating or mirror from neutral solutions by Sildehyde, 
dextltSise/ Ro^i€ilki : S^^ also by many metals, e,g,, 

copper^ iron, mercurjr^ «Qid zinci 

m 

Blowpipe REAteiTfoNS. — B. B. on C. with carb. soda, all 
compounds of silver are reduced to a malleable metallic bead. 



MERCURY. H^=198.8o. 

OccvRREVCB^.^'^rQ'ns : native (in small quantities), cinna- 
bar, HgS. MtiMnrgy : metallic mercury is obtained from 
cinnabar by roast injg^jn air and condensing the vapors ; or by 
distillation wi^^^p filings. In commerce : metal alloys, e.g,, 
dental amalg^JJp vermillion, HgS ; corrosive sublimate, 
HgCl^ ; calomel, HgCL 

AtOxMIC Weight,— Stoech. fig, (i) 880.5744 grm. mercuric 
oxide yielded 852.4079 grm. mercury ; (ii) 177. 1664 grm. mer- 
curic sulphide yielded 152.745a grm. mercury. Specific heat, 
0. 033 ., Volatile compounds : metal ; mercurous chloride, bromide 
and iodide ; mercuric chloride, bromide and iodide. Isomorphous 
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y^totons wfW^riagnesiumj.^inc, oatertTO, copper, iron, nickel, 
cobalt, and manganese in Me SO 4^. K^SO^^. 6H,,0. 




Chemical ^^^^^^^^Mercury occupies a place at the 
foot of column ^|^^H|Kdelejeffs table. It forms two 
series of salts, mercurous HgX, and mercuric HgX», the 
former resembling in their insolubility the silver and cuprous 
salts, while a few of the mercuric compounds are isomorphous 
with the corresponding derivatives of the magnesium group. 
The metal itself is readily obtained from its salts {cf, its posi- 
tion in the electro-chemical series) ; the chloride, though fairly 
volatile — b.p. 293°C— may be boiled with water without decom- 
position, it is one of the few ** weak " salts, using the term in the 
sense given it in the Introduction. Many basic salts of mer- 
cury are knovrn, but n o hydra te ; solutions of the mercuric 
salts react acidto litmus. 

The Compounds of Mercury. 

Mercury is a silver- white, lusti:o|i§^iqu.i4^etcU/s^.^. TIbifiVi 
;«./). — 32^*^C., b,p. Zii^' ^ot'^ll^S^^^in^^iT at ordinary 
temperatures ; heated it forms mercuri^^Bfe HgO. Dissolves 
in dil. nitric acid with formation of mercurous nitrate, in cone, 
nitric acid with formation of mercuric nitrate, in cone, sulph. 
acid with evolution of sulphur dioxide, and in aqua regia (three 
parts of hydrochloric and one of nitric acids) ; insol. in dil. 
sulphuric and dil. hydrochl. acids. 

Mercurous compounds HgX, in solntioD' colorless (except 
where the acid is colored), mostly insol. in water, soluble in 
nitro-hydrochloric acid to form mercuric salts. 

Mercurous cyanide HgCN white insoL, from mercurous 
nitrate by potassium cyanide, decomposes immediately into 
mercuric cyanide Hg {CN)„ with separation of free mercury. 

Merctcr oils sulphide is unktU)wn, hydrogen sulphide in solu- 
tion of mercurous nitrate precipitates mercuric sulphide. 

Mercuric compounds HgXo colorless in solution, except 
when the acid is colored. 
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S.S01. 

salts] 



' Corrosive sublimate." 



s. sul. IHeated evolves oxygen, 
s. sol. 

0.16 'Sol. dil. sulph. acid, 

insol. I Red on healing. 

sol. Is. ex."Phaiaoh"sserpenl" 



rcuric Cfrbonale, oxalate, and phosphate, 
iiiinl. mercuric salts except sulphide. 
: alt insol, mercuric sails except sulphide, 
reurous carbonale, phosphate, and aulphali 



Mercuric chloride and jnerciiric cyanide exhibit properties 
different from those of most other soluble salts of mercury, e.g., 
(i) they form no basic salts with water, (ii) they may be formed 
by dissolving mercuric oxide in pcjtassium chloride or potassium 
cyanide, (iii) the chloride is not precipitated by ammonium 
oxalate or sodium phosphate, while the cyanide is precipitated 




43 




fram-Sntiiti'.ins of the chloride sodium 
s a basic i.liloride, from those of the 



lercuric salts by potassium 
yellow, immediately becoming 
inly becomes yellow. If upon 
de be rubbed with a glass rod, 
lodification {allotropism, dimor- 



by sul 

bicarbonate pre 
nitrate, etc., ba| 

Mercuric \ 
iodide : the pr^ 
red. Heated 1 
cooling the yello' 
it changes back t 
phism}. 

Mercuric oxide HgO, ^iSJ^h added in small quantities to 
mercuric solution, produceS^d brown precipitate of basic 
oxides; added to saturation, tjie normal yellow oxide is pro- 
duced ; added to stroi^)^ aciii, solutions, soluble double salts 
are formed. 

Mercuric sulphide.— 
phide in solutions of 
double salts, e.g., HgCL^i 
black. (When the precipitation" 
black.) This is the only metallic s| 
nitric acid. 




'droet 



nmonmm sul- 

hds first precipitates 

olor from white to 

ig, the precipitate is 

insoluble in dil. 



Mercury ammonia comppunds 
. curie salts react with ammonia to form' 



■curous and mer- 
Ibunds which may 
I be regarded as subst^ution products of the latter. Of these 
/ may be mentioned mercurosammonium chloride, Hg.^ClNH.j, 
/black; by the action of ammonia or mercurous chloride 
) (whence the name "calomel"); soluble in aqua regia ; and 
i mercuramntanium chhml^^t "white precipitate^" varying in 
) composition from HgX^^9^fi Hg.,NCl; from neutral mer- 
curic chloride solutions by ammonia ; soluble in hydrochi, acid ; , 
sparingly so in cone, ammonia and ammonia salts. 

•xiBATioN' ANB Rebuction.— It was formerly the cus- 
tom to speak of the mercurous salts as " salts of the suboxide 
of mercury," the mercuric compounds being termed "salts of 
the oxide of mercury," Thus, for example, mercurous chlo- 
ride was the " chloride of the suboxide," and mercuric chloiHde 
the " chloride of the oxide of mercury," Hence to convert 
the former into the latter was to " oxidize " it, although in 
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carrying out the actual operai 

and, similarly, to Femove the . 

"reduce" them. Reduction i- Llie ii 
The following are some nf ilu; .. 

used in the laboratorv : 

chlorine water, bromine vvalcr , 
nitric, chloric, hypochlorou:;, cllco 
lead dioxide, manganese dfoxii 

solution). 

(In the dry way : potassium nitrate am 

Reducing agenh .- 

nascent hydrogen ; many metals^ 
stannous chloride, potassium s 
hydriodic acid, hydrogen sulph' 
formic, oxalic, ai 
(In the d ry way 




■i\ no oxygen ii AHOnpp^yed , 

Ifirinc from these bodies was to 

ippOsiteSC oxidation. 

ili^inn q^eiits commonly 



manganic acids ; 
acid or alkaline 



chlorate.) 



In the cas< 
verted into mei 
hydrochloric ac 
iodine, etc. Merci 
transformed spo 
into the correspi 




nc, iron, copper ; 
ferrous sulphate i 
iulphur dioxide ; 
ids, alcohol, 
cyanide.) 



liercuK 
I the action i 



pounds are con- 
if cone, nitric or nitto- 
by the action of chlorine, bromine, 
cyanide, iodide, and sulphide are 
with separation of free mercury, 
■Aiiic compounds. Mercuric com- 
pounds are reduced to mercurous comgounds and finally to 
mercury by the action of stannous chloride, sulphurous acid, 
sodium thiosulphate, formic and oxalic acids. Mercuric and 
mercurous solutions deposit metallic mercy^on copper, iron, 
zmc, etc. 



Blowpipe Reactions, etq^^cTB. on C. with carb. soda. 
mercury volatilizes from all compounds. In brib tube with carb. 
soda, ail compounds of mercury are decomposed, free mer- 
cury subliming and collecting at the mouth of the tube, where 
it may be formed into globules by rubbing with a match. 



SEPARATION IN THE FIRST GROUP. 







Treat the precipitate bf the First Group chlorides with hot 
water, and filter. 

(a) Solution: Pb CL^. Test for lead. 

(b) Residue : AgCly HgCL Treat with warm dilute 

ammonia, and filter. 

Solution : Ammo'nio silver chlorides. 

Residue, black : Mercurosammonium chloride. - ^ 

'To dissolve out the lead chloride from the first group -^^'Cirv 
precipitate, one of two plans may be adopted : {a) a small "^^^-^-^ ^ 
hole may be made in the point of the filter with a sharp- '/^ A' 
ened match, and the precipitate washed through into a test ^ 

tube by a jet of water from the wash bottle, boiled with the 
water and filtered hot; (^^A^mall quantity (three or four 
cubic centimetres) of bpinHMpWater may be poured over 
the precipitate on the filter ^per, the nitrate collected in a 
test tube, boiled, andMttr^d hot overTfift^recipitate, and the 
process repeated tnBHlpliree times. In* either case, if the 
filtrate contain lea4flHRPftTnaining precipitate must be washed 
again and again with not water until the washings are quite 
free from -lead (no precipitate with ammonium sulphide) ; 
because, if any lead chloride be left undissolved, the addition of 
ammonia will convert it into a basic chloride, which, being 
insoluble in water and in ammonia, will*remain mixed with 
the mercurous salt, and will cause trouble with the ** confirm- 
atory tests " for the latter. 

Similar methods may be employed in removing the silver 
from the mercury by ammonia. 

Confirmatory Tests. 

For Lead, The mere fact that a solution on addition of 
hydrochloric acid gives a white precipitate soluble in hot water, 
must not be taken as conclusive evidence that the solution 



•H>. 



in question contains lead. If, however, it does contain more 
than a trace of any salt of that metal, the hot water must give 
all the reactions of a solution of lead chloride. See p. 35. 

For Silver. — By warming with a solution of grape sugaf 
mixed with potash, the precipitate of silver chloride (produced 
by nitric acid in the ammonio-silver solution) is converted, 
into metalHc silver, which, after being well washed, may be 
dissolved in a little dilute nitric acid : this solution, freed 
from excess of nitric acid by boiling, should give the same 
precipitates as the reagent solution of silver nitrate. See p. 39 

* For Mercury. — The black mercurosammonium chlorid& 

( may be dissolved by warming it with a mixture of ten drops 

] of cone, hydrochloric acid and three of cone, nitric acid {aqua 

"" regia). In this solution (which should be boiled to expel 

\ excess of acid) the mercury is contained as mercuric chloride 

) (and nitrate), and should be tested for according to page 42. 

The student should on no -jlgjgltwi omit applying these "con- 
firmatory tests," and coinparin^Mtj^recipitates obtained with those 
from solutions known to contait^^ad, sihsr; (tud mercurous sails 
respectively ; it is M this stage in tlu analyst that .there is most 
likclilioo^j^rrors in th: preceding waA^medetecled. 




Note. — Precipitates produced by hydrochloric acid in 
solutions which contain no lead, silver, nor mercurous 
. salts L— 
(i.) Soluble in water: barium chloride, pptd. only by cone, 
hydrochl, acid, 
(ii.) Soluble in hydrochl, acid : basic chlorides of antimony, 
bismuth, and tin ; ppts, formed in solutions of 
zincates, piumbales, etc. ; and in those of some 
double sulphides. (See group II. A) 
(iii.) Sulphur, silicic and boracic acid, etc. (see chap, on acids,) 
arsenious sulphide ; thallioiis chloride. 



REACTIONS OF GROUP I. 

In this chapter it is proposed to apply the principles and 
conceptions discussed in the Introduction, to the special cases 
met with in the analysis of Group I. In general the reagents, 
(usually salt solutions) are so chosen that one of the products 
of their reaction with the salt under investigation is insoluble 
in water, with the consequence that that substanctf is more or 
less completely precipitated. In certain casesj however, the 
procedure is the reverse of this, as when precipitates are dis- 
solved in excess of the precipitants, or in ammonia, or in 
acids, etc. ; and, finally, there are reactions in which more 
than one insoluble substance is involvied, as, for example, in 
the precipitation of mercury by copper, and the blackening of 
the insoluble salts of lead by ammonium sulphide. Each of 
these cases will be considered separately. 

Precipitation. The Delicacy of Reactions. 

In the reagent solution of lead acetate heavy precipitates 
are produced by solSISre chlorides, sulphates, iodides, chro« 
mates, sulphides, etc. ' JLf, however, the solution provided be 
diluted with water to fifty times its volume, hydrochloric acid 
and soluble chlorides no longer produce a precipitate ; if still 
more and more diluted the sulphates, iodides, and chromates in 
turn fail to give evidence of the presence of lead, and, finally, 
a solution may be obtained so JJlute that even hydrogen sul- 
phide produces no visible effect. This difference in the rela- 
tive ** delicacy" of the various ''tests for lead'' evidently de- 
pends very largely on the difference in solubility of the pre- 
cipitates in water — although it must not be forgotten that 
their C9lor also has something to do with it, and that a minute 
quantity of the black sulphide is more easily seen when sus- 
pended in a large quantity of water, than is an equal quantity 
of the white phosphate, for instance, under the same circum- 
stances — and experiments of the kind just referred to, when 



'.J 



>■■■*< 



' t It 






■■■»■ i> 
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carried out with solutions of known composition, furnish a 
ready means of approximately determining the relative 
solubility of the various '* insoluble" salts. 

That a certain test is *' delicate" is, however, no proof 
that it is *• characteristic." The reaction with hydrogen 
sulphide is by far the most delicate of the tests for lead, but 
as a great nnmber of the other metals form black insoluble 
sulphides, it is one of the least '* characteristic," standing in 
this respect far behind the precipitation as chloride. 

The Solution of Precipitates. 

(a) In Salt Solutions. — If a solution of sodium nitrate be 
poured on lead sulphate, as the latter is far from being abso- 
lutely insoluble, a certain small quantity of it will dissolve, and 
once dissolved will react with the sodium nitrate to form lead 
nitrate and sodium sulphate, according to the equation 

2NaN0.^-{'PbS0^ <=^ Na^SO^-^'PbiNO^)^ 

To replace the lead sulphate thus decomposed, a new portion 
will dissolve, and this process of solution and decomposition 
will go on until the lead nitrate and sodium sulphate formed 
can maintain equilibrium with the'rei|^ining sodium nitrate, 
and as much lead sulphate as ^^lII^aturate the solution. 
From a consideration of this case it is clear that, speaking 
generally, insoluble salts will dissolve to a greater extent in 
solutions of the salts of another acid than in pure water. But 
even if a very concentrated solution of sodium nitrate were 
able to dissolve one hundred times as much lead sulphate 
as the same volume of purJI^ater, it does not follow at all 
that this increase in solubility would be detected by the rough 
means at the disposal of the qualitative analyst. The chloride 
of lead is at least one hundred times as soluble as the sulphate, 
and yet passes for an " insoluble " salt. If, however, lead sul- 
phocyanide had been substituted for the lead sulphate in the 
preceding experiment, and if one hundred times as much of 
it dissolved in the sodium nitrate solution as in water, the 
actual quantity dissolved would be so much increased that the 
difference would be noticeable even in test tube experiments, 
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and it would be said that **lead sulphocyanide is soluble in 
sodium nitrate solution." And if lead sulphocyanide, then a 
fortiori ledid chloride ; in short, the relative position in the series 
of solubility in sodium nitrate is the same as that in water, but 
the actual value in every case greater ; hence in the former 
case the limit of ** insolubility " appears nearer the sulphide 
end of the series. (See table.) 

In the reactions just studied, for instance, 



2NaN0^ + PbS0^^i=:.'' Na^SO^-\'Pb{NO^) 



29 



the only reason why more lead nitrate than lead sulphate 
exists in the solution at equilibrium is that a concentrated 
solution of sodium nitrate has been employed. If, however, 
there be substituted for the sodium nitrate a salt such as 
sodium chloride, which is capable of forming a double salt 
with the chloride of lead, a second force comes into play ; and 
the lead chloride formed according to the equation 

2NaCl+PbS0^ ^=.^Na^SO^+PbCl^ 

(which would about equal in quantity the lead nitrate of the 
preceding example) serves only as material for the formation 
of the double salt mentioned. 



PbCL ^-NaCl^-=z^PbNaCl 



3' 



The consumption of lead chloride in this last reaction disturbs 
the equilibrium represented in the previous equation, and 
necessitates the solution of a fresh quantity of the ** insoluble " 
salt. 

From the examples here discussed it follows that : 
• (i.) The boundary line between ** insoluble " and " soluble" 
lead salts will approach nearer the sulphide if, instead of 
water, a solution of sodium nitrate be used, and nearer still if 
the salt in solution can forma double salt containing lead. 

(ii.) If in different cases different double salts be formed, 
that one will have the most effect on the solubilities which 
stands nearest the ferrocyanides in a series such as that sug- 
gested on page 20. 
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Solubilities of the "Insoluble" Lead Salts. 
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■Ovyioilide. 

The letlers J and /denote "soluble " and "insoluble" respectively in cone, solu- 
ns of Ihe sulislances named at Ihe head .o( the columnsi ; in the columns headed 
1,000 water," etc. the salts marked i may be obtained as ppts. (recognizable in a 
it -lube) from solutions containing one part of lead in l,ooo, etc., of water. The 
drate and carbonate of lead have been omitted becaii>e of the foimalion of basic 



(i) In acids or bases. — If nitric acid, instead of a solution 
of sodium nitrate, be poured on a precipitate of chromate of 
lead, the difference between the equilibrium which ensues, 



-'■H.,CrO,+Pb(\'0.,)„, 



-NaXrO^+PbiXO^)., 



2HN0,,+PbCr0,. 
and the other, 

2Nai\0^ + I'bCrO,. 

may be seen from the following considerations: In f 
latter case, if solutions of the substances on the left hf 
of the "^nz^ sign be mi.xed in equivalent quantities, just ab 
one-half of the lead chromate will be converted into nitr 
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whereas in the former, owing to' the great disparity in 
*' strength " between the two acids (nitric and chromic), the 
lead will be converted almost entirely into the nitrate ; and if 
the two solutions be now each separately shaken up with lead 
chromate, a great deal more of that salt must dissolve in the 
former case than in the latter, before the concentration of the 
lead nitrate, etc., formed, is great enough to establish equilibrium 
in a solution saturated with the chromate. 

This base, consequently, differs from the two others con- 
sidered in this very important particular, viz. : it is not alone 
the solubility of the " insoluble *' salt, but also the strength of 
its acid, that determines the amount dissolved at equilibrium. 
** If lead chromate will dissolve in potassium nitrate or in 
sodium chloride," it was argued before, *' then lead sulphate, 
being more soluble in water, will dissolve still more readily in 
those solutions." In the case just considered this conclusion 
will not hold ; the greater strength of the sulphuric acid more 
than counterbalances the greater solubility of the lead sulphate, 
and the sulphate of lead is very little soluble in nitric acid, 
just as the phosphate, oxalate, and chromate, etc., are insoluble 
in the weak acetic acid. 

If the acid of the insoluble salt be easilv volatile at the 
temperature of the experiment, or if it readily decompose? 
giving rise to a volatile decomposition product, these will be 
important factors in determining the course of the reaction — 
e.g,, solution of carbonates, nitrites, sulphites, thiosulphates, 
etc., in acids ; similarly the greater volatility of sulphuric, 
nitric, and hydrochloric acids, at high temperatures, enables the 
non-volatile phosphoric and boracic acids to expel the former 
from their salts in the blowpipe reactions. 

Other examples under this head are : the solution of the 
basic hydrates in acids, and that of the insoluble lead salts in 
potash. 

The solutions of precipitates in acids or salt solutions 
(excluding the case where the acid of the insoluble salt is 
volatile) have some interesting properties. The solution 
formed by digesting lead sulphate with nitric acid until no 
more will dissolve, and filtering, gives a precipitate with sul- 
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phuric acid on the one hand, and with a concentrated solution 
of nitrate of lead on the other ; in both cases the equilibrium 

2HN0^+PbS0^ ^=1^ H^SO^ + Pb(NO^)^ 

being disturbed in such a manner as to result in the formation 
of more lead sulphate. A consequence of this behavior is 
that if a little lead nitrate solution be mixed with a compara- 
tively large quantity of concentrated nitric acid, and then dilute 
sulphuric acid added drop by drop, no precipitate will be pro- 
duced by the first drops, and it is not until the quantity 
of sulphuric acid added is greatly in excess of that able to 
combine with the lead dissolved that the latter is even 
approximately separated in the form of sulphate. 

The addition of water to the saturated solution of lead 
sulphate in nitric acid produces no precipitate, for though il 
decreases the concentration of the nitric acid it decreases 
equally that of the other three substances involved. Quite the 
contrary is the case when the solution contains a double salt ; 
in this case, iorone substance whose concentration is diminished 
on one side of the equation two suffer dilution on the other, 
the equilibrium is disturbed, and a reaction takes place, 
resulting in the formation of these two. If, as is the case, 
in the equilibrium, 

NaCl+PbCl^ ^r=:^ NaPbCl^, 

one of the components, e,g,, PbCl^, be insoluble, the water 
added may prove insufficient to retain in solution the new 
quantity of this substance formed, and in such a case (which 
frequently occurs) addition of water will produce a precipitate. 

Reactions involving Two or More Insoluble Salts. 

{a) Two insoluble salts. — If a fairly concentrated solution 
of potassium chromate be poured on a small quantity of lead 
carbonate* the conditions for the first moment are precisely 
the same as in the case discussed on page 50 (where lead 

*The formula of lead carbonate is written PbCO^ for simplicity, the precipitate 
formed by sodium carbonate in lead salt solutions is really a basic carbonate. 
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chromate was the insoluble and sodium nitrate the dissolved 
salt). But long before the equilibrium 

K^CrO^+PbCO^ <, -^ K^COs+PbCrO^ 

can be attained, the solution is saturated with chromate of 
lead, and the further progress of the reaction results only in the 
separation of this salt in the solid form, and the continual solu- 
tion of fresh quantities of lead carbonate, until all of the latter 
has disappeared. Then, for the first time, it is possible for the 
concentration of the latter to fall below the limit fixed by its 
solubility, and the reaction comes to a standstill when the con- 
centration of the lead carbonate dissolved, taken in connection 
with that of the remaining potassium chromate, is low enough 
to enable the resulting potassium carbonate and the quantity 
of lead chromate that can dissolve to balance the equilibrium. 

The result may be expressed in words by saying that the 
potassium chromate has ** transposed " the lead carbonate — 
the white precipitate of the carbonate has been replaced by a 
yellow precipitate of the chromate of lead. 

A complete " transposition " of the carbonate is, however, 
not always the result of the reaction of potassium chromate on 
that salt. As long as the two ** insoluble " salts are both 
present in the solid form, their concentrations in the solution 
depend, practically speaking, only on their solubilities and on 
the temperature, and is fixed by the conditions of the experi- 
ment ; with the chromate and carbonate of potassium, on the 
other hand, the case is quite different ; during the progress 
of the reaction the concentration of the former is continually 
growing less, and that of the latter greater ; so that if a large 
quantity of lead carbonate be present to begin with, or if the 
solution of potassium chromate employed be dilute, the series 
of reactions just considered may come to an equilibrium before 
all the lead carbonate has disappeared — " partial transposition "; 
— while the effect of largely increasing the concentration of the 
potassium carbonate (by addition of that salt) is to reverse the 
reaction and from the chromate to regain the carbonate of 
lead — "reverse transposition.'* 

In order that a transposition may be ** reversible " the two 
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''insoluble'* salts must not differ too much in their solubilities. 
The only way to compensate for the greater insolubility of the 
lead chromate in the case just considered is to employ a very 
concentrated solution of potassium (or sodium) carbonate; and a 
limit is set to this by the limited solubility of the alkali car- 
bonates in water. Thus, though ammonium sulphide trans- 
poses lead carbonate instantly with formation of the black 
sulphide, no solution of carbonates that it is possible to prepare 
is concentrated enough to effect the reverse change. 

An important corollary to what precedes is the conclusion 
that, if lead nitrate be added to a mixture of ammonium 
sulphide and sodium carbonate, all in solution, the precipitate 
will consist of lead sulphide only, until all the ammonium 
sulphide is used up. Similarly, when silver nitrate is added to a 
mixture of sodium chloride and potassium chromate, the red 
precipitate of silver chromate is not formed until all the 
chlorine has been removed from the solution. 

Here, as elsewhere, if acids be made use of as ''reagents" 
in place of salt solutions, the distinction between "strong" and 
**weak" must not be lost sight of. Although sodium chloride 
cannot transpose lead chromate at all, and sodium sulphate 
only partially, the corresponding acids (hydrochloric and 
sulphuric) effect the change at once. In view of the similar 
cases already discussed, a detailed explanation of the reactions 
will be omitted. 

{b) Four insoluble salts, — Reactions involving more than 
two insoluble salts are not often met with in the course of 
analysis. One instance, however, may be mentioned here. 
When the two " insoluble " salts, lead chloride and silver 
chromate, are mixed under water a change of color (red to 
yellow) indicates that chromate of lead has been formed, and 
it will readily be seen that equilibrium in the reaction 

PbCl^-\-Ag^CrO^ ^zzzi^ PbCrO^+zAgCl 

can be reached only when one or other of the salts on the left 
hand side of the equation has been completely dissolved. And 
it is equally clear that there is no means of reversing this result, 
unless, perhaps, at some different temperature the relative solubili- 
ties of the salts involved should be reversed. 
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The '' Electro-Chemical Series." 

A special case of the reaction involving two insoluble sub- 
stances is that in which both of these are metals : e.g., in the ' 
formation of the lead tree by tin in lead acetate solution, or of 
the silver tree by zinc in silver nitrate, also the deposition of 
mercury on a strip of copper in solutions of mercury salts, or 
of copper on a knife blade in cupric sulphate solutions. 

Zn + CnSO^=Cu + ZnSO^ 

Reactions of this nature are of especial interest, as they are 
made use of in the voltaic cell to generate an electric current, 
and the great majority of them can be reversed by electricnl 
means. Equilibrium in these reactions depends not only on 
electrical forces, but also on the concentration of the salt 
solutions employed ; it takes a less electro-motive force to 
reverse the reaction formulated above {i.e., to precipitate zinc 
from its salts by copper) if the zinc salts be concentrated and 
the copper salt dilute than in the opposite case ; in general, 
however, it is not possible to reverse the reaction by alteration 
in the concentrations alone. 

As long as one of the ordinary ['* strong "] salts be used, 
it does not matter which, the direction of the reaction remains 
the same, and it is possible to arrange the metals in a series — 
the electro-chemical series — such that each metal is precipi- 
tated from its salts by all those preceding it; if, however, salts 

Mg,Al, Zn, Cd, Fe, Ni, Pb, Sn, Cm, Sb, Bi, Ag, Hg, Pd, Pt, Au 

such as mercuric cyanide* be employed, or if double salts be 
involved which have a great "tendency to be formed,'' the 
position of the metals in this series may be altered ; in 
solutions of potassium cyanide, for instance (which form such 
double salts with many of the metals), the arrangement in 
the electro-chemical series is as follows : 

Zn, Cu, Cd, Sn, Ag, Ni, Sb, Pb, Hg, Pd, Bi, Fe, Pt. 

*Introduction, page 19. 
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THE SECOND GROUP. 



Commoner elements — (Pb), Hg\ Cu, Bi, Cd, As, Sb, Sn, 
Rarer elements — Au, Pt, Pd, Ru, Ir, Rh, Os, Te, Se, W, Mo. 



Metals whose sulphides are insoluble in dilute, 2 — 3%, 
hydrochloric acid, and whose chlorides are soluble in water. 

The members of this group are precipitated as sulphides 
by hydrogen sulphide from the filtrate from Group I. The 
precipitate is often slimy, and tends to stop up the pores of the 
filter paper ; boiling for a few minutes with water and filtering 
hot is the best remedy. 

Although the solution into which the hydrogen sulphide 
is led must contain free hydrochloric acid, in order to bring 
about the precipitation of arsenic and to prevent that of 
members of the third group, it must not be too acid, many of 
the sulphides of the second group being soluble in strong 
hydrochloric acid. This is specially noticeable in the case of 
tin and antimony ; one of the methods actually employed 
for the preparation of pure hydrogen sulphide being to act on 
antimonious sulphide with concentrated hydrochloric acid : 
in other words, the equation 

2SbCl:,+^H,S = Sb.S.,+6HCl, 

which represents the reaction in a slightly acid solution, must 
be reversed to represent that which takes place when the 
sulphide is treated with concentrated acid. 

Sb.S.+6HCl = 2SbC/^+3H.,S, 

C'onsequently, in order to ensure the complete conversion into 
their sulphiOre# of the metals of the second group, hydrogen 
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sulphide must be passed in until a portion of the filtrate after 
dilution with water gives no further precipitate with the gas. 

Mixed with the sulphide in the second group precipitate is 
often found a quantity of free sulphur, arising from the oxida- 
tion of a portion of the hydrogen sulphide. This indicates 
the presence of oxidizing agents — nitric, chromic, or arsenic 
acids, ferric chloride, etc., etc. — in the solution, and may in 
:great part 'be prevented by boiling the filtrate from Group I. 
with a few drops of alcohol ; if free nitric acid is known to be 
present, the solution should be evaporated nearly to dryness 
and water added before leading in the hydrogen sulphide. 



Group II. A. As.Sb.Sn. 

The members of this group resemble one another in that their 
sulphides, with solutions of the sulphides of the alkali metals 
•(and ammonium), form sulpho-salts — analogous to the oxy-salts 
produced by the action of their oxides (or hydrates) with solu- 
tions of the oxides (hydrates) of the alkalies. Compare, for 
example, the reaction 

Sb^S^ + 6NH^SH=^2{NH^)^SbS^+zH^S 
with 

Sb.^0 ,^+6NH ^OH = 2{NH\)^SbO ^+ZH ^0 

In analogy with the corresponding oxygen compound, the 
substance {NH ^)^SbSQ may be termed ammonium ortho-sulph- 
antimonite. The yellow ammonium sulphide used in the lab- 
oratory contains more sulphur than corresponds to the formula 
(NH)^SH, (it may be considered as the solution of a mixture 
of various '* polysulphides " of ammonium, such as (iVi/^) 2 S« 
(NH^)^ S3 etc.), and this extra sulphur acts on the sulph- 
antimonite, converting it into a sulph-antimoniate, exactly as 
oxygen would convert an antimonite into the corresponding 
antimoniate : — 

{NH,),SbS, +S* = {NH,),SbS, 

{NHJ,SbO, + 0^ = (NHJ^SbO, 
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SO that the solution obtained by digesting antimonious 
sulphide with ^'^//oz^; ammonium sulphide contains ammonium 
ortho-sulphantimoniate. 

If now to a solution of an alkaline sulphantimonite or 
sulphantimoniate there be added an acid, e.g., sulphuric acid, 
a salt (sulphate) of the alkali will be formed and one of the 
sulphides of antimony precipitated, with the liberation of 
hydrogen sulphide. 

2{NHJ,SbS, + 3H,SO,=3(NH,),SO,+Sb,S,.+ 3H,S 
2{NH,),SbS,+3H,SO, = 3{NH,),SO, + Sb,S, + 3H,S 

reactions analogous to the decomposition of the alkaline 
antimonites and antimoniates by acids : — 

2{NH,),SbO, + 3H,SO,=3{NH,),SO, + Sb,0, + 3H,0 
2{NHJ,SbO,+3H,SO,=3{NH,),SO,+Sb,0, + 3H,0 

In the case of arsenious sulphide the reactions are : 

Soln. in yel. am. sulph : ^^^^3 + 3(^^4)2 S2 = 2{N'JI4)^AsSq-}-2^^ 
Pptn. by dil. sulph. acid: 2(iV"iy^)3^^53 + 3^25*04 = 3(iViy4)2S04 + ^^2^3 + 3^2S 

for the stannous sulphide : 

Solution : SnS+2Nff^Sff+S^ = {NH'^y^SnS.^ + H^S 
Precipitation : {NH^)2SnSQ-{- H.^SO^^{NH^)^SO^-{-SnS^ + HoS 

The sulphides of this group are also soluble in solution of 
potassium hydrate (and some of them in ammonia, sodium 
carbonate, ammonium carbonate, etc.), forming a mixture of 
sulpho and ox3^-salts, from which, by the addition of acids, 
there is reprecipitated the same sulphide that was dissolved.. 
For example : 
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ARSENIC. ^5 = 74.52. 

Occurrence. — Ore^: realgar, As^S^\ orpiment, As^S^\ 
nd mispickel, or arsenical pyrites, FeAsS. Metallurgy : the 
ulphide is roasted with iron, whereby the arsenic is set free 
nd passes off in the form of vapor. In commerce : white 
Tsenic, As^O^; fly powder, suboxide; Paris green and 
^^cheele's green (arsenites of copper). 

Atomic Weight. — Stoech. fig,: 22.173 grm. arsenic tri- 

cz^hloride converted 89.597 ^^^i. metallic silver into silver 

d^hloride. Specific heat, O.0830. Volatile compounds : the metal ; 

^^rsine; arsenic trioxide, ^SgOg and ^s^O^; arsenic trichloride, 

tDromide, etc.; and certain organic compounds. Isomorphous 

-^^elations : with antimony and bismuth in the free state, and in 

.^McoSq ; with antimony in Me^O^, ^Ag.^S.Me^Sn and 

<Ou^MeS^ ; with phosphorus in K^MeO ^ and in the apatite 

group. 

Chemical Relations. — In its molecular weight {As^), 
in the formulae and crystalline forms of its compounds, and 
in the existence of a gaseous hydride, arsenic closely resembled 
phosphorus and antimony, its next neighbors in the fifth 
column of Mendelejeff's table. Like other members of the 
same column — bismuth excepted — the hydrates of its two 
oxides, As^O^ and As^O^, have acid properties ; and the 
chloride AsCl^ (AsCl^ unknown), though soluble in a small 
quantity of water, or in the presence of hydrochloric acid, 
is decomposed by much water with formation of arsenious 
and hydrochloric acids. The sulpho -acids of arsenic are 
referred to on page 58. 

The Compounds of Arsenic 

Arsenic is a steel-grey brittle metal, sp. gr. 4^i, volatile at 
450° C. ; not oxidized in dry air, but gradually coated 
with arsenious anhydride AsoO^ in moist air at ordinary 
temperatures ; heated, it burns to form arsenious oxide. 
Arsenic dissolves readily in nitric or nitro-hydrochloric 
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[Group II. 



acid, slowly in cone, sulph. acid (forming arsenic acid), nc^ 
in hydrochloric acid ; soluble in solution of potash. 



^^ 



NAME. 



ARSENIOUS. 

Bromide As Br^ 

Chloride As Cl^ 

Hydride As H^ 

Iodide As I^ 

Oxide As^ O^ 

Sulphide As^S^ 

ARSENIC 

Hydrate H^AsO^\H^O 

Oxide As^O^ 

Sulphide As^S^ 



Color. 



white 
white 
gas 
brick red 
wKite 
yellow 



white 
white 
yellow 



Solubility in xoo parts 

cold hot 

water. 



dec. 

sol. 

5vols(o'*i) 

s. sol. 

. 4 
insol. 



16.7 

150 

insol. 



dec. 

dec. 

insol. 

dec. 

9.5 
insol. 



50 

very sol. 

insol. 



Remarks. 



m.p, 20"* C, b.p. 220° C. 
m.p. iS^C.jd.p. I34**C. 
See page 68. 
Sublimes. 

Sol. dil. hydrochl. acid. 
Sol. amm. sulph. and in 

[alk. carb. 



Other sulph: realgar As^S^ 
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Arsenious compounds AsXq, colorless in solution. 

Arsenious sulphide, As^Sq ; hydrogen sulphide, (or sodium 
thiosulphate on boiling) in solutions of arsenious acid, acidu- 
lated with dilute hydrochloric acid, precipitates arsenious 
sulphide. In the absence o f hydroch loQcu-acid, rift prpripitatft 
is formed, but the solution is_ colored ysJlow. 

Arsenic compounds AsX^, colorless in solution. 

Arsenic sulphide, As^S^ ; precipitated from boiling hydro- 
chloric acid solution of arsenic acid by hydrogen sulphide. 
At ordinary temperatures, sulphur, arising from the reduction 
oi arsenic to arsenious acid, is at first precipitated ; when 
this reduction is complete, arsenious sulphide is precipitated. 

Arsenites (derivatives of// .3^ sO a, etc.), obtained by dissolv- 
ing metallic arsenic, arsenious anhydride, or other arsenious 
compounds, in potash. A solution of an arsenite, e.g., arsenious 
acid neutralized with a few drops of ammonia, gives the 
following characteristic reactions : 

(i.) Ferric hydrate precipitates all the arsenic, as basic ferric 
tirsenite — (antidote for arsenic !). 

(ii.) Silver nitrate produces a yellow precipitate of silver 
arsenite, ^4^3^503 ; soluble in ammonia and in nitric acid; 

(iii.) Cupric sulphate yields no precipitate; on careful addi- 
tion of potash, however, a green precipitate, CuHAsO^ 



J 



y / ^^- ' -^' 



J 



As.SdySn.] ARSENIC. 6? 

l(Scheele's green), is formed; addition of ammonia instead of 
1 potash produces Paris green NH^CuAsO^. 
I (iv.) Stannous chloride, in hydrochloric acid solution, pre- 

\cipitates amorphous arsenic, mixed with tin (brown black). 

Arseniates (derived from H^AsO^, etc.), obtained by the 
oxidation of arsenious acid and arsenites. A solution of 
^arsenic acid, neutralized with a few drops of ammonia, gives 
the following reactions : 

(i.) Silver nitrate produces a red-brown precipitate of silver 
arseniate, Ag^AsO^, soluble in nitric acid and in ammonia. 

(ii.) Ammonium molybdate and nitric acid, on warming, (c/. 
phosphoric acid) yield a yellow precipitate of arsenio- 
molybdate of ammonia, {NH j^AsO ^ + 12 MqO^\ soluble in 
ammonia, reprecipitated by nitric acid. /St, TTi A y m i. ■'»■■■ w ^ ■ 
(iii.) Ammonium chloride, ammonia, and then magnesium 
sulphate precipitate white crystalline ammonium-magnesium- 
.arseniate {MgNH^)AsO^. 

Oxidation and Reduction. — Arsenious acid is oxidized 
to arsenic acid by bromine water, chromates, iodine, cone, nitric 
acid, permanganates, etc. HqAsO^ + Cl^ +H^O = H^As O^ + 
2HCI. Arsenic cpds. are reduced to arsenious by potassium 
iodide in hydrochl. acid solution, by sulphurous acid, hydrogen 
sulphide, sodium thiosulphate, ferrous chloride, stannous 
chloride, etc. Arsenic and arsenious acids are reduced to 
metallic arsenic by stannous chloride in hydrochl. acid 
solution, and by metallic copper, cadmium, zinc, etc. 

Blowpipe Reactions. — B. B. on C. with carb. soda or 
potass, cyan.; all compounds of arsenic volatilize; the presence 
of arsenic is recognized by an odor of garlic. In a bulb tube, 
with potassium cyanide, free arsenic condenses and collects at 
the mouth of the tube, forming a steel-colored mirror. 



ANTIMONY. 56 = 119.00. 

Occurrence. — Ores : siihmte, Sbt^S^) allemontite, As^Sb^ ; 
and valentinite, Sb^O^. Metallurgy : the metal is obtained 
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Blowpipe Reactions. — B. B. on C. with carb. soda or 
potassium cyanide, all antimony compounds are reduced to a 
white brittle globule of metallic antimony. This rapidly 
oxidizes, producing white fumes, and leaving a white crystalline 
deposit on the charcoal. 

TIN S«. = 116.78. 

Occurrence. — Ores : the only ore of tin is cassiterite, or 
tin stone, SnO^- Metallurgy : the ore is first roasted to drive 
off sulphur arsenic and other impurities, then reduced with 
charcoal, and finally purified by distillation. In commerce : 
metal ; alloys, e,g,, solder, bronze, Britannia metal, etc. ; various 
compounds used in dyeing, e.g.^ tin salt SnCl^zH^O^ preparing 
salts, iV^oSnOa+sffzO, and pink salt, SnCl^ + 2NH ^Cl. 

/fjfbuic Weight. — Stoech. fig.: 45.8323 grm. of tin oxi- 
dized by nitric acid yielded 58.2519 grm. tin dioxide. Specific 
heat, 0.055. Volatile compounds : stannous chloride ; stannic 
chloride, bromide, and iodide. Isomorphous relations, with 
titanium, silicium, and zirconium in MeO^ ; with silicium, etc., 
in K^MeFf^, 

Chemical Relations. — In MendelejefFs table tin stands 
between germanium and lead, and, like them, forms two series 
of compounds, stannous SnX^, and stannic SnX^. Stannous 
hydrate is soluble in potash, and also in strong acids, in this 
resembling the hydrate of lead ; it is, however, a much weaker 
base than the latter, all its salts being decomposed by water, 
with formation of basic compounds. Tin dioxide behaves as 
the anhydride of an acid, " stannic acid," H^SnO^, corre- 
sponding to plumbic acid, and more remotely to silicic and 
carbonic acids. The tetrachloride resembles those of the other 
members of the same column, in being a liquid with a low boiling 
point. Both it and the dichloride form crystalline compounds 
with water, but are decomposed by much water ; they are 
soluble in hydrochloric acid. Like germanium and the other 
members of Group II. A, it forms a series of sulpho-salts (see 
page 58). 
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The Compounds of Tin. 



NAME. 



'•i.c 



STANNOUS. 

Bromide Sn Br^iH^O 

Carbonate {basic) 

Chloride Sn Cl^2H^0 

Ferrocyan. . . ". Sn^Fe {CN)q 
Ferricyan . .Sn^ (Fe{ CN) « ) 2 
Hydrate .9;/ {OH)^ 

tm Iodide Sn I^^H^ O 

Nitrate. . . Sn {NO^ ) ^ . 2oH^ O 
Oxalate Sn C^O^ 

y» Oxide Sn O 

(.- Phosphate {basic) 

Sulphate Sn SO^ 

^ Sulphide SnS 

STANNIC. 

Chloride Sn Cl^ 

Hydrate H^Sn O^ 

Nitrate Sn {NO.^)^ 

Phosphate {basic) 

Sulphate. .,Sn{S0^)i2H^0 





» 

Solubility in xoo parts 


Color. 


cold 


hot 




water. 


white 


sol. 


dec. 


white 


dec. 


dec. 


white 


271 


dec. 


w. (gela.) 


insol. 


insol. 


white 


insol. 


insol. 


white 


insol. 


insol. 


red. yel. 


dec. 


dec. 


white 


deliq. 


deliq. 


white 


insol. 


insol. 


black 


insol. 


insol. 


white 


insol. 


insol. 


white 


sol. 


sol. 


br*wn bl. 


insol. 


insol. 


liquid 


sol. 


dec. 


white 


s. sol. 


s. sol. 


white 


dec. 


dec. 


white 


insol. 


insol. 


white 


dec. 


dec. 



Remarks. 



Dec. by much water. 
Carb. soda ppts. hydrate. 
Dec. by much water. 



Sol. in alkalies. 
Sol. in alkali iodides. 
Dec. by much water. 

Other oxide, SnO^. 

SoPt'ns deposit basic salts 
Other sulphide, SnS^yeh 



SnClj^.Sff^O cryst. 
Sol. in alkalies. 



Sol. in tartrates *.. all insol. stannous compounds except the sulphide. 

Tin is a lustrous,white metal, sp.gr, 7.30, m.p, 232^0.; tar- 
nishes slowly in air ; burns at white heat to form stannic oxide 
SnOo. Dissolves slowly in dil. hydrochl. and sulph. acids, 
rapidly if these acids be hot and concentrated, readily in dil. 
nitric acid, or in nitro-hydrochl. acid. 

Stannous compounds, SnX.^, colorless in solution. 

Stannous hydrate Sn{OH)^. — The fixed alkalies, ammonia, 
alkali carbonates, barium carbonate, and potassium cyanide 
precipitate stannous hydrate ; soluble in excess of fixed alkali 
(not in ammonia or carbonates, distinction from antimony), 
forming stannites, cg.y K^SnO^- 

Stannic compounds, SnX^, colorless in solution. 

Stannic hydrate H ^SnO Q (stannic acid). — The fixed alkalies, 
ammonia, alkali carbonates, sodium sulphate, and potassium 
iodide precipitate stannic hydroxide insol. in ammonia and 
ammonium carbonate, soluble %i alkali carbonates, forming 
stannates. ^ 
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Metastannic acid, H^^Sn^O^^Q).^ — The action of nitric 
acid on metallic tin is important. Very dilute acid con- 
verts it into stannous nitrate, with simultaneous formation of 
ammonium nitrate ; cone, nitric acid, on the other hand, con- 
verts it into metastannic acid, which has the same composition 
as stannic acid, but differs from it, however, in the following 
respects: (i.)it is completely insol. in nitric acid; (ii.) boiled with 
cone, hydrochl. acid it is converted into metastannic chloride 
insol. in the cone, acid, but soluble in water, from which solu- 
tion it is precipitated upon addition of sulph.-acid ; (iii.) boiled 
with solution of caustic soda it forms sodium metastannate, 
insol. in excess, but soluble in water ; (iiii.) by fusion with 
alkalies it is converted into salts of ordinary stannic acid ; on 
the other hand, stannous chloride boiled with hydrochl. acid, 
or even on standing, forms metastannic acid. 

Oxidation and Reduction. — Stannous compounds are 
oxidized to stannic by nitric acid, sulphuric acid (hot), 
chlorine, bromine, iodine, mercuric chloride, etc. (Stannous 
chloride is a powerful reducing agent, reducing even nitrous 
acid, sulphurous acid, and potassium ferrocyani<}e.) Stannie 
compounds are reduced to stannous by metalliq copper and 
tin. Stannous and stannic compounds deposit metallic tin on 
aluminium, cadmium, magnesium, zinc, etc. 



I 

Blowpipe Reactions.— B. B. on C. with carb. soda 
i(more readily upon addition of potassium cyanide), all com- 
1 pounds of tin are reduced to a malleable metallic globule. At 
the same time, a slight white incrustation, SnO,^, is formed on 
the charcoal, which, moistened with coh^iAttgde and ignited, 
becomes blue-green. >/ "i; /©• L 

•Isomeric with stannic acid, molecular weight unknoM! 
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SEPARATION IN GROUP II A. 



In order to separate the members of Group II A from the 
Group II. precipitate, the latter, after being well washed* 
is treated with a little (2 — ^cc.) of the yellow ammonium 
sulphide solution, warm, but not boiling, according to either of 
the two methods described for the solution of lead chloride on />/ 7 • 
page 45. A portion of the solution so obtained is filter ed tf (y^ * 
off and acidified with dilute sulphuric acid. If the precipitate h\f^ 
consist merely of light yellow, milky, finely divided sulphur, 
burning without residue, nothSg has dissolved in- the 
ammonium sulphide. Group II, A is absent; if, however, a 
curdy yellow to brown* precipitate be formed, the whole 
of the filtrate must be treated with excess- of dilute sulphuric 
acid, and the precipitate analyzed for members of Group II A, 
while the residue from the ammonium sulphide solution must 
be thoroughly washed with successive small quantities of 
warm ammonium sulphide before testing for Group II B. 
These washings should be thrown away, and not used to 
dilute the Group II A solution. 

Arsenic may be separated from Antimony and Tin 
either {a) by warming the sulphides As^S ^,Sb^S ^^SnS ^ with 
ammonium carbonate solution, which dissolves the sulphide 
of arsenic, leaving the other two ; or (ft) by warming them 
with concentrated hydrocjaloiic acid, which' leaves the arsenic 
and dissolves the others* Neither of these methods is very 
satisfactory, however ; m the former a little antimony, and in 
the latter a little arsenic, goes into solution. 

Tin may be separated from Arsenic and Antimony by 
dissolving the sulphides in warm dilute hydrochloric acid, with 
addition of a crystal of potassium chlorate, boiling th^splution 
to expel free chlorine, adding sodium thiosulphate anftjflboiling 
again ; whereupon the arsenic and antimony are precipitated 

•The dark color is due to the presence of cuprie sulphide, which is slightly 
soluble in yellow amoaonium sulphide. Solutions of the polysulphides of potassium 
and sodium do not dissolve the sulphide of copper, but dissolve that of mercury. 
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f 

as the sulphides As^S^ and Sb^S^, while the tin remains 
in solution. T' bring about complete precipitation the 
sodium thiosulphate must be present in large excess, and the 
boiling must be continued some time. From the precipitate 
the arsenic may be removed by either of the methods given 
above. 

The only really accurate separation, however, is that 
known as " Marsh's Test.'* Nascent hydrogen reduces com- 
pounds of tin to the metal, while those of arsenic and antimony 
are converted into the gaseous hydrides Arsine AsH^, and 
Stibine SbH^, respectively. The two gases may be distinguished 
by their action on silver nitrate solution, or by burning them 
and examining the products,.of their combustion. The methods 
of separation and identificaflon based on these facts go by the 
name of ** Marsh's Test," and may be carried out as follows : 
(a) Silver nitrate test, — A flask of 200 cc, capacity, the 
"generator," is fitted by means of a perforated cork to a glass 
tube twice bent at right angles and dipping into a dilute 
solution of silver nitrate in a test-tube ; (a second tube, the 

' .. " funnel tube," widened at the upper end and passing through 
.. the cork almost to the bottom of the flSsk, is very convenient 

I ^ .- for adding successive small portions of the liquid to be 
analyzed). Into the generator is put a little pure granulated 
zinc ; and the substance supposed to contain arsenic, antimony, 
or tin, dissolved in excess of dilute hydrochloric or sttlpbtmc 
-aci^i'is added. If arsenic or antimony be present, the gas 
evolved will produce a T^lack precipitate of metallic silver or 
*~ silver antimonide, respectively, 

A^H,^ + 6AgNO^+3H^ 0= 6Ag+H^AsO^+6HNO^ 

SbH. + ^AgNO, = Ag^Sb + sHNO^ 

in the silver nitrate solution.* As, however, the precipitate 
^ might consist of silver sulphide (due to hydrogen sulphide 

from sulphur compounds in the generator), the presence of 
the two elements first mentioned must be proved by a 
further examination as follows : the black precipitate is re- 

* In concentrated (50%) solutions of silver nitrate, arsenic produces a yellow pre- 
cipitate of Ag^As^ which is decomposed by water into arsenious acid and metallic 
silv< 
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moved from the solq^ l opby filtratjon , washed, warmed v 
dilute hydrochloric acid 

Ag,Sb + 6Ha = ShCl^-\-j.AgCl+iH„ 
and the solution tested for antimony; while the filtrate, after 
being freed from silver by the addition of dilute hydrochloric 
acid and filtering, is tested for arsenic. Any tin present will 
remain in the generator, the contents of which should be 
dissolved in dilute hydrochloric acid, and the solution tested 
^ for stannous salts by mercuric chloride, potassium perman- 

■^ / ganate, hydrogen sulphide, etc. 

{b) Combustion test. — For this purpose the bent tube ■ 
the generator should be replaced by a short upright tubej 
drawn out at the upper end to a fine opening^the gas jet.j 
Before igniting the escapijfcgas, a portion should be collected I 
in a test-tube, inverted ol|P the jet and conveyed with the* 
orifice downward, and closed with the thumb, to the neigh-J 
borhood of a flame ; if the gas take fire with a slight puff, | 
and then burn quietly, the apparatus is free from air; if, how^ 
ever, the contents of ihfe test-tube ignite wj^ a whistling" 
noise, the air has not beiMi completely d^^^wiut of the J 
generator, and the application of a light to t^H^n>ould, in all^ 
probability, cause an explosion. When the apparatus is finally 1 
freed from air, the gas should be ignited at the jet (if the I 
generator be provided with a funnel tube, this is the time to J 
add the solution), and a porcelain evaporating dish held^^he 1 
flame. If arsine or stibine be present, the gas wil! burn with J 
a bluish-white flame {Asi.0^, Si„O.J, and black spots of a 
tallic arsenic or antimony will be formed on the poVcelain. 

The arsenic spots are brown-bl^l^nd shining, soluble iaj 
alkaline solution of sodium hypoch^B^P, and turned yellow by 1 
warming with ammonium suifiiide. In dilute nitric acid they J 
dissolve, and if silver nitrate, and then a little ammonia, be I 
added to the drop of nitric acid solution, a yellow precipitate J 
Ag^AsOs^s formed. 

The antimony spots, cutothe other hand, are dull black, insol- 
uble in the hypochlaSi^^and turned orange by ammonium J 
sulphTde. Dilute nitric^tid turns them white, Sb.^0^, and, . 
to this -^ite spot silver nitrate and then ammonia be added, 1 
it is blackened with formation of Ag^O, more quickly 
wrarming. 
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BISMUTH. J5t = 207.34. 

Occurrence. — Ores : native ; bismuth ochre, Bi^O^ ; 
and bismuth glance, Bt^iSa. Metallurgy: metallic bismuth is 
obtained from its ores by roasting, and subsequent reduction 
with ^ iron or charcoal. In commerce: metal; alloys, e.g.^ 
Wood's metal, Rose's metal, etc.; and " magisteriumbismuthii,'* 

Atomic Weight. — Stoech.fig.: (i.) 23.5866 grm. bismuth 
oxidized by nitric acid yielded 26.310 grm. bismuth oxide ; 
(ii.) I6.6450 grm. bismuth oxide yielded 25.2551 grm. bismuth 
sulphate. Specific heat, O.0288. Isomorphous relations: with 
arsenic and antimony, in the metal and in Me^S^. 

Chemical Relations. — Bismuth, standing at the foot 
of the fifth column in MendelejefFs classification, forms no 
hydride, but resembles the other members of the column in its 
derivativesof the types BtXa andSt^g. Bismuthoushydrateisa 
weak base i^Jfte hydrates of Group III A) ; its salts with the 
stronger ^<^9|^B ^I decomposed by water (with formation 
of basic salts)^while no salts with the weaker acids, e.g., 
thiosulphuric, hydrocyanic, etc., are known ; it does not, how- 
ever, act as an acid toward potash. The hydrate of the pent- 
o:M^HBiO^ (cf. HNO^) is a very weak acid; its salts with the 
alkalies have been prepared by the action of bromine or 
chlorine on bismuthous hydrate suspended in potash or soda 
solution ; halogen compounds of the type BiX^ have not been 
prepared. ^^ % 




The Compounds^of Bismuth. 



Bismuth is a reddish-white, brittle metal, often showing 
iridescence from superficial oxidation, s/>.^r 9.9, m.p. 26y^C.,b.p. 
I300^C. At ordinary temperature not oxidized in air ; burns 
to form bismuth oxide, Bic.0^; dissolves in cold nitric acid 
without evolution bf hydrogen, in-^^ cone, sulph. acid with 
evolution of sulphur dioxide ; insol. in dil. hydrochl. yd sulph- 
uric acids. 
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NAME. 



Color. 



BISMUTHOUS, 

Acetate ,,Bi{C^H^O^)^ 

Bromide Bi Br^ 

Carbonate (basic) 

Chloride BiCl^ 

Chromate (basic) 

FerrocyanBi^{Fe{CN)6)^ 
Ferricyan. BiFe{CN)^ 

.Hydrate Bi (OH)^ 

Iodide .,BiI^ 

Nitrate Bi {NO^)^S^^O 
Oxalate ..... Bi^ ( C^ 0^ _ 

Oxide Bi^Q^ 

Phosphate BiPO^ 

Sulphate Bi^^SO^^ 

Sulphide Bi^S^ 



white 
yellow 

white 

white 

yellow 

wh. yeHk 

br. yel. 

white 
dark brown 

white 

white 
yellow 

white 

white 

black 



Solubility in 100 parts 

cold hot 

water. 



sol. 
deliq. 
insol. 
dec. 
insol. 
insol. 
insol. 
insol. 

sol. 

dec. 
insol. 
insol. 
insol. 

dec. 
insol. 



sol. 

dec. 

insol. 

dec. 

insol. 

insol. 

insol. 

dec. 

dec. 

dec. 

dec. 

insol. 

insol. 

dec. 

insol. 



Remarks. 



Dec. above ioo*'C 
Oxychlor. sol. dil. hydrochl. 
Sol. dil. acids. [acid. 

Insol. in dil. acids. 
Insol. in dil. acids. 
Forms oxide on heating;. 
S. ex. 
Basic salt sol. dil. nitric. 

Other oxides BiO, Bi^O^, 

{.Bi^O, 
Basic salt sol. sulph. acid. 



S. tartrates : chrogiate, ferricyan, ferrocyan, and hydrate, 

Bismuthous compounds, — BiX^, colorless in solution. 
Bismuthous hydrate, Bi {OH)^, precipitated from solutions of 
bismuthous salts by alkali hydrates and by potaf^sijim cyanide. 
/ Bismuth monoxide, BiO, black, precipitated from solutions 

I of bismuthous compounds by addition of potassium stannite* or 
7 by addition of solution of dextrose and heating. 
^ Bismuthic acid, HBiO^, red. Obtained by addition of 
bromine water to a cone, solution of potash in which bismuth- 
ous oxide is suspended ; it decomposes readily on heating. 

Oxidation and Reduction. — Bismuthous compounds 
to bismuthic by heating in the air, or by the action of chlorine 
or bromine in cone, potash solution. Bismuthous salts are 
reduced to bismuth monoxide by potassium stannite, and by 
dextrose ; bismuthous compounds deposit metallic bismuth 
upon copper, cadmium, iron, lead, tin, zinc, etc. 

Blowpipe Reactions. — B, B, on C, with carb. soda, all 
[compounds of bismuth are reduced to a brittle easily fusible 
globule, producing at the same time an incrustation, orange 
yellow, hot ; lemon yellow, cold. Borax and microcosmic salt 
■ beads : in both flames, faintly yellow, hot ; colorless, cold. 

* Prepared by the addition of potash to stannous chloride in sufficient excess to 
dissolve the precipitate, Sn{0H)2i at first formed. 
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COPPER. Cm = 63.i2. 

Occurrence. — Ores : native ; red copper ore Cu^O ; mala- 
chite, Cu(OH) ^CuCO q; copper glance, CuS; arid copper pyrites 
CuFeSo- Metallurgy : the metal is obtained from the oxide 
by reduction with charcoal ; the sulphide is first roasted to 
convert part of the sulphide into oxide, then upon raising 
the temperature the oxide formed reacts with the undecom- 
posed sulphide to set free copper, according to the equation 
2 CuO + CuS = ^Cti+SOo» In commerce: metal; alloys, e.g., 
1 rass, bronze, German silver, etc. ; blue vitriol, CuSO^^H^O ; 
and Paris green, CuHAsOq. 

Atomic Weight. — Stoech.fig,: (i.)20.327O grm.cupric oxide 
yielded I6.2279 grm. metallic copper, (ii.) Electrolytically, one 
grm. of copper is equivalent to 8.406 grm. of silver. Specific 
heat, 0.093. Isomorphous relations : with iron, nickel, cobalt, 
manganese, zinc, and magnesium, in MeSO^yH^O ; with these 
together with mercury and cadmium, inMeSO. . K^S0^6H.^0.^ 

ChemiCal Relations. — Copper forms two series of salts : 
the cuprous, CuX, white, mostly insoluble in water, are com- 
parable to the salts of silver, to the mercurous, aureus, and to 
the thallious salts ; while the cupric, CuX^, are more like those 
of the magnesium group ; numerous insoluble basic cupric salts 
are known, the solutions of the normal salts react acid to 
litmus, and the hydrate loses water and is converted into the 
oxide below 100'' C. Of the third series of derivatives of copper, 
corresponding to the oxide Cti^O^, little is known. Copper 
salts combine with ammonia. The metal itself is one of the 
best conductors of heat and electricity. 

The Compounds of Copper. 

Copper is a soft, malleable, reddish metal ; sp. gr. 8.94, 
m. p. 1054" C. In dry air at ordinary temperatures unchanged ; 
in moist air it becomes gradually coated with basic carbonate. 
It dissolves in acids without evolution of hydrogen : slowly in 

* Ammonia may replace potassium in these double salts. 




Hg,Bi,Cu,Cd.\ 



dilute hydrochloric and sulphuric acids, readily in dilute nitric 
acid, and with evolution of sulphur dioxide in hot concentrated 

sulphuric acid. 







Solubilily 


100 pins 




NAMK. 


Color. 


cold 


hot 


Remarka. 


CUPRIC 










A€itaieC«{C.H. OA„2H„0 


blue 


7(ao'') 


ao(ioo°) 




Bromide.... Cu Br,2h^0 


black 


deliq. 


deliq. 




Carbi>nati4. (basicj 




s. sol. 


s. sol. 


Forms oxide on heating. 


Ckhride Cii C/^iH, 


green 


60 


very sol. 


Cone, solutions green. 


Ckremate (basic) 


br. yellow 


s. sol. 


s. sol. 




'"Cyanide Cu (CiV), 


br. yellow 


' insol. 


insol. 


5. ex. ; dec. on standing. 


- FerrUyanU.Cn^{Fe CN„), 

■S-Hydrale. ,T Cu (OH), 

1 Nilralt...C«I.N0J\,tff,O 


reiJ br. 


-insol. 


insol. 


Insol. in dil. acids. 


yel. grey 


insol. 


insol. 


Insol. in dil..ffC/. 


pale blue 


insol. 


dec. 


Forms oxide on healing. 


blue 


very sol. 


very sol. 


Fonns oxide on heating. 


...Oxalalt.. C„ C.O, 




insol. 


insol. 




' Oxide CuO 


black 


insol. 


insol. 


Heated evolves oxygen. 


•^PhBspkcae Cu^{PO^)^ 


blue ero. 


insol. 


insol. 




Sulphate ... C„SO,SB.,0 


blue 


40 


203 






black 




insol- 


S. sol. amm. sulphide. 




black 


insol. 


insol. 


Dec. on warming. 


rA£os«//i....::.^C; S,0^ 


wbite 


Insol. 


dec 


Dec. on wa,mm|. 



: all insol. cupric salts except sulphide. 
Sol. in pot. cyan. : all insol. cupric sails. 

Sol. in Isltrales : all insol. cupric salts except the sulphide and ferrocyanlde. 
Sol. in ammon. chl. : cupric cyanide and carbonate. 

Cuprous compounds. — CuX, colorless in solution (except 
where the acid is colored), insoluble in water ; easily soluble 
in concentrated ammonia, concentrated hydrochloric, hydro-;,' 
bromic, etc., acids; reprecipitated upon addition of water ; no 
sulphate or nitrate known. 

Cuprous cyanide CuCN, white, insoluble. In solutions of 
cupric salts, potassium cyanide produces a red precipitate of 
cupric cyanide ; converted on boiling into cuprous cyanide 
with evolution of cyanogen gas, C^N^- 

Cuprous hydrate CuOH, yellow, insoluble; from alkaline 
solutions of cupric salts by solution of dextrose; heated, red 
cuprous oxideCw ;0 is formed. 

Cuprous iodide Cul, white, insoluble; from solutions of 
cupric salts by potassium iodide ; (precipitate colored dark 
brown from separation of free iodine). This precipitation is 
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I 

complete only in the presence of such reducing agents as 
sodium thiosulphate, ferrous sulphate, etc. 

Cuprous sulphocyanatel CuSCN, white, insoluble. Potassium 
sulphocyanate in solutions of cupric salts precipitates cupric 
sulphocyanate (black), converted into cuprous sulphocyanate 
^ upon warming, or in presence of sulphur dioxide. 

Cuprous thiosulphate, Cu^S^O^, white, insoluble. Sodium 
thiosulphate in concentrated solutions of cupric salts precipi- 
tates cupric thiosulphate, yellow, which upon standing changes 
slowly into cuprous thiosulphate, white, and finally inta 
cuprous sulphide, black. 

Cupric compounds CuX^, anhydrous, white; dilute solu- 
tions, blue; concentrated solution of cupric chloride, green. 
The dilute blue solution of this salt becomes green uponj 
addition of concentrated hydrochloric acid. 

Salts of cupric acid (derived from Cu^Oq ?). Cupric 
nitrate added to water holding bleaching powder in suspen- 
sion produces a precipitate at first green, afterwards violet, 
which, upon standing or washing, becomes converted into 
blue cupric hydrate. 

Oxidation and Reduction. — Cuprous compounds are 
oxidized to cupric by the action of heat and by acids. Cupric 
compounds are converted into cuprates by the action of 
bleaching powder. Cupric compounds are reduced to 
cuprous by the action of stannous chloride, arsenious acid, or 
dextrose in alkaline solution, also by potassium iodide,, 
potassium cyan., and potassium sulphocyan. Cupric and 
cuprous solutions deposit metallic copper upon aluminium,, 
cadmium, iron, lead, tin, zinc, etc. See p. 55. 

Blowpipe Reactions. — JB. B. on C, with carb. soda, all 
copper compounds are reduced to metallic copper. Borax 
bead : O.F., green, hot ; blue, cold ; R,F,, colorless, hot ; reddish 
brown, cold. Microcosmic salt bead : 0,F., green, hot ; blue, cold ;: 
R,F,y green, hot ; reddish brown, cold. All copper compounds,, 
moistened with dil. hydrochloric acid, impart a green or 
greenish blue color to the flame. 
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CADMIUM. Ci=lll.i8. 

• 

Occurrence. — Ores : greenockite, CdS ; to the extent of 
two or threfe per cent, in most zinc ores. Metallurgy : obtained 
as by-product in the manufacture of zinc. In commerce r 
metal ; alloys, e.g., Wood's metal, cadmium amalgam ; cad- 
mium iodide, Crf/g (photography) ; and cadmium yellow, CdS. 

Atomic Weight. — Stoech. fig.: 64.2051 grm. cadmium 
sulphate yielded 44*4491 grm. cadmium sulphide. Specific 
heat, 0.0567. Volatile compounds : metallic cadmium, cadmium 
chloride, bromide, and iodide. Isomorphous relations : with 
copper, magnesium, zinc, mercury, iron, nickel, cobalt, and 
manganese in MeSO^,K^SO^JbH^O. 

Chemical Relations. — In Mendelejeif's table cadmium 
stands in the second column, between zinc and mercury ; it 
resembles the former in its position in the electro-chemical 
series, in the appearance of the metal, and in the isomorphous 
relations of some of its salts. It forms but one series of salts^ 
whose solutions react acid to litmus ; the chloride is not 
decomposed by water, and no insoluble basic salts are known. 
Unlike zinc, it does not dissolve in potash. Cadmium iodide 
is a rather "weak " salt (see Introduction, page 19). 



The Compounds of Cadmium. 

Cadmitfm is a white malleable metal, sp.gr. 8.67, m.p. 320. 
Not oxidized in air at ordinary temperatures; burns in air to 
form cadmium oxide, CdO (brown). Dissolves slowly in 
concentrated hydrochloric and sulphuric acids with evolution 
of hydrogen, readily in concentrated nitric acid with evolution 
of oxides of nitrogen. 

All compounds of cadmium are colorless in solution ; 
except those whose acids are colored. 

Oxidation and Reduction. — All compounds of cadmium 
deposit metallic cadmium upon zinc, magnesium, and alu- 
minium. 







^i> 



* . 
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^E 



NAME. 



fr ' 



Acetate Cd[C^H^0^)^.6H^0 

Bromide Cd Br^^H^ O 

Carbonate Cd COq 

Chloride Cd Cl^.2H^0 

Chr ornate CdCrO^ 

Cyanide Cd[CN)^ 

Ferrocyan Cd^Fe \CN)^ 

Ferricyan . .. Cd^(Fe {CN)^)^ 

.Hydrate Cd{OH)^ 

Iodide Cd I^.zH^O 

Nitrate. ..Cd{NO^)^.^H^O 

Oxalate -. . . ..CdC^O^ 

Oxide CdO 

Phosphate Cd^{PO^)^ 

Sulphate Cd SO^.%H^ O 

Sulphide CdS 



• 

Color. 


SolubiUty 
. cold ^ 


• 

in^oo parts 
hot 


■ • 


wat«r. 


• 

white 


very sol. 


very sol. 


white 


deliq. 


deliq. 


white 


insol. 


insol. 


white 


140 


150 


yellow 


very sol. 


very sol. 


white 


insol. 


insol. 


white 


insol. 


insol. 


yellow 


insol. 


inaol. 


white 


insol. 


iniol. 


white 


93(20*') 


i33f«»*) 


white 


deliq. 


deliq. 


white 


0.007 


O.OI 


brown 


insol. 


insol. 


white 


insol. 


insol. 


white 


60 


veryjsol. 


yellow 


ioaol. 


insol. 



Remarks. 



No basic carbonate. 



S. ex. 

Sol. dil. hydrochl. acid. 
Sol. diL hydrochl. acid. 
S. alkali hydrate {cf. Zn) 



sol. ammonium oxalate. 

Sol dil. acids. 

No comp'd CdSO^^jaq, 

Sol. i5%hotsulph'. acid. 



Sol. in ammonia and in pot. cyan.: all insol. cadmium salts except sulphide. 

Sol. in tartrates : all insol. cadmium salts except ferrocyan., phosphate, and sulphide. 

Sol. ammon. chlor.: all insol. cadmium salts except ferrocyan., hydrate, and sulfide. 

Blowpipe Reactions. — B. B. on C. with carb. soda, all 

/compounds of cadmium are reduc^. The metal vaporizes, 

I forming 2in incrustation brown in the 9xidizing flame, volatile 

/ in the reducing flame. Borax and microcosmic salt beads : in 

( both flames, yellow, hot ; colorless, cold. 
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SEPARATION' IN ^ROUP II B. 

••• • .•" 

To the precipitate of t-hB suFphidesof Group I IB, washed; 
and, if necessary, freed from members of Group II A by the 
treatment described on page 67, add dilute nitric acid and warm. 

Residue : Mercm^-^Bulphfde, black, soluble in aq^ua ijegia. 

Sulphur :-(//N03+H2S = ?). •* ' 

Solution : Nitrates of lead, bisitiuth, P<>p]P6r, and cadmium. 

To a part of the solution in nitric acid add a little dilute 
sulphuric acid ; if no precipitite be formed, even after addition 
ofalcohol shaking and standing for a minute. Lead is absent ; if 
a precipitate be formed, the reagent must be added to tjie 
whole of the nitric acid solution, and the precipitated lead 
sulphate removed by filtration. 

Then add ammonia in excess 
White precipitate : Bismuthous hydrate.* 
Blue solution : Copper (soluble cupric ammonium salts).# 

Tordetect the presence of Cadmium : If copper be absent, 
add to the ammoniacal solution (freed from the hydrate of 
bismuth. by filtration) ammonium sulphide. A yellow precipitate 
indicates cadmium, CdS. 

If copper be present, one of two mftl]JPs may be adopted. [ ,\ 

(a) To the blue solution fromSrhich any precipitate of y k>v>' 
bismuthous hydrate has been removed by filtrS.tion, add potas- 
-i^ I sium cyanide until decolorized, then ammoniun^sulphide ; a ' " 
yellow precipitate indicates cadmium (the blaclSBgic sulphide / ^ ' 
is soluble in potassium cyanide solution). S^^Lm i C-^'*- 

(6) Precipitate the sulphides of copper anonMHum from 
the blue solution (using hydrogen sulpUde or^^g^onium 
sulphide), filter and wash the precipitate ancWarm it with dilute 
sulphuric acid, which dissolves the sulphide of cadmium, leav- 
ing that of copper undissolved ; filter, and test the filtfate for 
cadmium. 

For Confirmatory Tests, see the description o£ ciac^ 
metal. 
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THE THIRD GROU^. 
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Commoner elem^f^.-^Fe, Cr, A I, Ni, Co, ^^Mn. 
Rarer elements, — C7r, Be, Th, Zr, Ce, Ti, l^V, etc. 



^^P 



I 



The third group consists of those metals which are not 
precipitated by hydrogen sulphide in dilute hydrochloric acid 
solution, but which are precipitated — some as sulphides^ 
others as hydrates — by ammonium sulphide from a solution 
containing ammonium chloride. 

The more commonly occurring metals of this group fall 
naturally into two classes : Group III A , those precipitated 
as hydrates, viz., iron, chromium, aluminium; and Group III B, 
those precipitated as sulphides, viz., nickel, cobalt, manganese, 
zinc. To separate these, the Group III precipitate way be 
dissolved in hydrochloric acid, and the members of the first 
subdivision precipiLj^gd either by treatment with barium car- 
bonate in the cold, f^^^ boiling with sodium acetate. It is, 
however, much moStcokn^enient to precipitate the hydrates of 
•class A directly by. adding ammonium chloride and ammonia 
to the filtrate from the second group (any iron present being 
previously ^^^ed by nitric acid), thus avoiding altogether 

onium sulphide solution in Group III A. 
Ionium chloride prevents the precipitation of 
f members of Groups IV and V by theTSf3 
cer|flk amount of the chloride of ammonium is 
formed in any case, when ammonia is added to the filtrate 
from the second group (containing hydrochloric acid) ; but 
this, while preventing complete precipitation of magnesia, 
manganese, etc., might be insufficient in quantity to keep 
them altogether in solution; and the addition of a further 
portion of ammonium chloride guards against the incon- 
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veniencJ^ of obtaining these metals partly in Group III A, 
and partly in Groups IV and Y|i*tespectively. 




Iron,cm^mium, and aluminium are precipitated as hydrates 
of the formula M{OH)^, These three, however, are not the 
only metals to form hydrates of this type, others, for example, 
being cobalt, nickel, bismuth, and antimony. All of these 
hydrates are alike in being very weak bases — none of them 
can drive ammonia from solutions of its salts, and some 
of them even act as acids toward potash — a similarity that 
appears to depend rather on the formula of the hydrate 
than on the position of the metal in Mendelejeff*s table, as in 
general, where an element forms more than one hydrate, 
that derived from the highest oxide is always the more acid 
or less basic* As has been pointed out in the Introduction, 
this weakness of the bases entails striking consequences in the 
chemical behavior of the solutions of their salts ; the chlorides 
are all decomposed by water, though soluble in hydrochloric 
acid, the sulphides and most of the soluble salts are decom- 
posed by water, especially on boiling, forming either the 
hydrate or some basic compound, while no carbonate3,t 
nitrites, sulphites, thiosulphates, etc., are known ; the car- 
bonates, thiosulphates, etc., of the alkalies bringing about a 
precipitation of the hydrates. n. 

The triacid bases fall into two natural classes : (i.) Iron, 
chromium, aluminium, cobalt, and manganese ; forming alums 
and spinelles. (ii.) Bismuth and antimony ; ^4«ected by the 
isomerism of their oxides, sulphides and ^^^^^h arsenic 
and phosphorus. The latter, by reason of tW^||Bubility of 
their sulphides in dilute hydrochloric acid, fall in Group II ; 
the reason that the others, iron, chromium, and aluminium, 
come down in Group III A, while cobalt and manganese 
pass into the next sub-group, lies in the difference between 

* Compare, for example, the hydrates corresponding to the monoxide, sesquioxide, 
and trioxide of chromium, and those of the various oxides of iron, manganese, bismuth, 
-etc. 

tBismuth forms a basic carbonate. 
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these elements with respect to the relative stability of their 
different classes of salts \inidA<ttbM^conditions imposed by the 
plan of analysis adopted. T^fll||l|^| second group reagent, 
hydrogen sulphide in acid s^tKtK^IWbtes all derivatives of 
the higher oxides of chronjffim, iron, cobalt.. m^ ,jii h.np^anese 
(e,g,y chromates, ferric salts, manganates and permanganates, 
cobaltic salts, etc.), to salts of the form CrCl^, FeCl^, 
CoCl^y MnCLt respectively, and of these latter the iron com- 
pounds alone are oxidized (forming ferric salts, e.g., FeCl^) on 
boiling with dilute nitric acid. 

Group III B. 

The sulphides of this group differ from those of Group II 
in being insoluble in dilute hydrochloric acid. That this 
distinction is one of degree only, follows from what has been 
said in the introduction to Group II as to the action of 
concentrated hydrochloric acid on the sulphides of that group, 
and from the fact that the sulphides of nickel, cobalt, and zinc 
are partially precipitated by hydrogen sulphide from dilute 
neutral solutions of their chlorides, i.e., are insoluble in the very 
dilute hydrochloric acid produced by the reaction, 

ZnCl^+H^S = ZnS + 2HCl. 

Acetic acid, being much ** weaker " than hydrochloric 
acid, cannot dissolve any of the sulphides of the second group, 
and in the third group the* sulphide of manganese is the only 
one dissolved in considerable quantity by it. As by the 
addition of sodium acetate to a zinc solution nearly all the 
hydrochloricjjj^^ of the last equation is converted into acetic 
acid and Sm^^m chloride, it is possible to precipitate zinc, 
quantitati?^5^y hydrogen sulphide, from neutral or nearly 
neutral solutions, to which has been added an excess of sodium 
acetate, or of the sodium salt of any other weak acid forming 
a soluble salt with zinc. 

The connection between the solubilities of the various 
sulphides in acids and in pure water may be seen from a 
consideration of the reaction : — 

MCL+H^S ^=^ MS + 2HCI. 
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If the concentration of the HoS-jaLud that of the HCl be the 
same in all cases, and assuming that none of the substances 
involved belong to the class of ** weak "salts, the only reason 
why the concentration of the chlorides MCl^ at equilibrium 
should vary from case to case must be that the concentration 
of the MS, i.e., the solubility of the various sulphides, varies in a 
parallel manner. Thus, the solubilities in water of the sulphides 
of the second group are less than those of the third, and 
among the latter the sulphides of nickel and cobalt are 
the least soluble, next that of zinc, and, lastly, the sulphide of 
manganese. It must not be overlooked, however, that this 
conclusion depends on the assumption that none of the chlor- 
ides and sulphides involved belong to the class of the ** weak " 
salts ; and while it is probable that this holds for the sulphides 
in the extremely dilute solutions that they form with water, 
still nothing is known with certainty on this point. 



ALUiMINIUM. Al=26,go. 

Occurrence. — Ores : corundum, ruby, sapphire {Al^O;^) ; 
spinelle, Mg (AlO^)^ ; cryolite, ^NaF, A IF q ; clay (hydrated 
silicate) ; in combination with other silicates in feldspar, mica, 
etc. Metallurgy : the metal is obtained by electrolysis of 
cryolite or by fusing this ore with sodium. In commerce : metal ; 
alloys, ^.^., aluminium bronze; slum, K^Al^iSO^Q' ^^^^0 ; 
ultramarine (aluminium sodium silicate with poly-sulphides 
of sodium) ; many other aluminium salts used in dyeing. 

Atomic Weight. — Stoech, fig. : 8.6745 gjjj^ aluminium 
sulphate yielded I.0965 grm. aluminium oxide. ^Kpecific heat, 
0.214. Volatile compounds : aluminium chloride, bromide and 
iodide {Al^Cl^ at 440^0., Al Cl^ at yoo^C); organic compounds 
of aluminium. Isomorphous relations : with iron, chromium, 
and manganese, in* K^SO^ . Ai^{SOJq . z^H^O, with iron and 
chromium, in the spinellest Mg{MeO^)^, and in Me^O^. 



*Potassium maybe replaced by sodium, lithium, ammonium, rubidium, caesium, 
and thallium. 

fMagnesium may be replaced by manganese, zinc, and iron. 
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ALUMINIUM. 



[Group III A. 






Chemical Relations. — Aluminium is one of the lightest 
^of the metals. The hydrate is a weak base ; with acids it forms 
but one series of salts, of the type AIXq, which resemble 
closely the corresponding derivatives of iron, chromium, man- 
ganese, and cobalt. With the stronger bases it takes the part 
of an acid, forming a series of aluminates, many of which occur 
as minerals. Like the other elements of low atomic weight, 
and non-metallic, or but slightly metallic, character, its atomic 
heat is considerably below 6.5. 



The Compounds of Aluminium. 



•• -b 



w . 



NAME. 



ALUMINIUM. 

Bromide Al Br^ .6H^0 white 

Chloride, Al Cl^,(iH,^0 white 

- ffydraie Al{Oh)^ white 

Iodide Al I^,6H^O white 

Nitrate Al(N0^)^.6H^0 white 

•^ Oxide Al^ O^ white 

^ Phosphate ^//'C?' white 

Sulphate Al^^^SO^^.i^H^Q^.^MxX.^ 

Sulphide Al^S^ yellow 

Sulphocyan , Al {SCN)^ white 

Pot. alum, white 

Sod. alum , white 

Amm. alum white 



Color. 



Solubility in loo parts 
cold hot 



water. 



deliq. 
400 
insol. 
deliq. 
deliq. 
insol. 
insol. 

8s 
dec. 

very sol 

4(0°) 

47(13°) 

5(0°) 



deliq.. 
very sol. 
insol. 
deliq. 
deliq. 
insol. 
insol. 

1 130 
dec. 

very sol. 

357(100°) 
100(100°) 
422(100°) 



Remarks. 



Sol. dil. acids and alkal. 



Sol. dil. acids. 

Formed from elements. 
Known only in sol'n. 



Sol. in tartrates : hydrate and phosphate. 



Aluminum is a tin-white, malleable metal, sp. gr, 2.58, 
m. p, 700** dljlf pure, not oxidized in air at ordinary tempera- 
tures. Dissolves slowly in dilute sulphuric acid, more readily 
in concentrated, rapidly in hydrochloric acid ; also soluble in 
the fixed alkalies. 

Aluminium compounds AlXj^y colorless in solution. 

. / Aluminium hydrate Al{OH).^ : fixed alkalies, ammonia, 

^Ikali carbonates, ammonium sulphide, sodium acetate, potas- 

)sium cyanide, potassium ferrocyanide, and sodium thiosulphate 

-> precipitate aluminium hydroxide; insoluble in ammonia and 
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ammonia salts, soluble in potassium or sodium hydrate, 

forming aluminates. 
. Potassium aluminate KAIO^, white, soluble in water. In 

(^solution decomposed by all acids with separation of alumina 
]AL^0^\ also decomposed by ammonium salts on longstanding 

jin a warm place. 

Blowpipe Reactions. — B. B. on C. with carb. soda, all 
Icompounds of aluminium form the infusible oxide Al^O^ ; 
/moistened with cobalt nitrate and reignited the oxide assumes 
I a blue color (Th^nard's blue). 



IRON. F^ = 55.60. 

Occurrence. — Ores: magnetic iron ore, F^gO^ ; haema- 
tite, Fc^Oq ; spathic iron ore, FcCOq ; and iron pyrites, FeS 
(not used as a source of iron). Metallurgy : iron is obtained 
from its ores by first roasting it to convert into the oxide, and 
reducing the latter to the metallic state by heating with 
charcoal. In commerce : metal (iron and steel) ; green vitriol, 
FeSO^^ yH^O; potassium ferrocyanide, K^Fe (CN)^^; Prus- 
sian blue, Fe^ (Fe {CN)^)^. 

Atomic Weight. — Stoech, fig, : I2.5120 grm. ferric oxide 
on heating in a current of hydrogen yielded 8.7585 grm. 
metallic iron. Specific heat, O.113. Volatile compounds : 
ferrous chloride, ferric chloride (Fe^Cl^ 44o'C, FeCl^ 750**C). 
Isomorphous relations : with calcium, manganese, and mag- 
nesium, in MeCO^ ; with magnesium, zinc, nickel, cobalt, and 
manganese, in MeSO^ yH,^0 ; with aluminium, dhromium,etc., 
in K^SO^, Al^{SO^)^, 2/\H^0 ; with copper, ma^esium, zinc, 
cadmium, mercury, nickel, cobalt, and manganese, in 
K^SO^, MeSO^, 6H2O ; with chromium and aluminium in 
spinelles, MgiMeO^),^ and in Me^O^. 

Chemical Relations. — Iron forms three series of com- 
pounds : the ferrous FeX^, comparable to compounds of 
zinc, magnesium, etc. ; the ferric F^Xg, resembling aluminium, 
chromic, etc., compounds; and the ferrates, e.g., K^FeO^, 
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/easily decomposed and little known, isomorphous with the 

V chromates and sulphates. It is often said that of these three 

/ the ferric salts are the ** most stable"; the student is warned 

( against the use of indefinite expressions such as this. Ferrous 

/ salts, in solution, are partially converted into ferric salts by 

V the action of the air — hence the reagent solution of ferrous 
sulphate almost invariably contains some ferric sulphate— so 

\ that, under these circumstances, the ferrous salts may truly 

/ be said to be ** less stable " than the ferric. On the other 

\ hand, as ferric hydrate is a very ** weak " base, dilute solutions 

\ of its salts are decomposed by boiling, with formation of 

/ insoluble basic ferric salts, [try a dilute solution of ferric 

N^ chloride], and may, therefore, with equal truth be said to be 

/ **less stable"— under these circumstances — than the corre- 

' sponding ferrous compounds, which are unaffected by boiling 

with water. 

The Compounds of Iron. 

Iro7t is a malleable metal attracted by the magnet, sp.gr. 8.0, 
w. p. 1275*^ C. to 1375*^ C. Soft iron wire contains O.5 % carbon, 
steel 0.2 — 1.5%, and cast-iron 2 -5%. In finely divided con- 
dition iron burns in air to form the oxide Fe.^0^. It dissolves 
in nearly all acids with formation of corresponding salts. If 
pure, it is not acted upon by concentrated nitric acid. 

Ferrous compounds, FeX^, pale green in solution. 

Ferrous sulphate. — A solution of this salt, free from ferric 
salts, may be obtained by treating iron tacks, wire, or filings 
with dilute sulphuric acid in a small, narrow-mouthed flask. 
As soon as the evolution of hydrogen becomes slow, the 
solution sholro be removed to a sand bath, and boiled, care 
being taken to have the iron in excess. 

Ferric compounds, FeX^, reddish brown in dilute solution. 

Potassium ferrate, K^FeO^, obtained by fusing together iron 
filings and potassium nitrate. It is soluble in water, but the 
solution rapidly decomposes to form ferric hydrate, potash, 
and oxygen. 

rPotassium ferrocyanide, K^FeiCN)^^, obtained by dissolving 
ferrous cyanide FeiCN)^ in excess of potassium cyanide, or 
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by the action of potassium cyanide on metallic iron or its 
oxides. A solution of ferrocyanide of potash upon oxidation 
yx^diS potassium ftYYXcyanide K^Fe(CN)^^ A solution of either 
of these salts gives none of the characteristic reactions of iron ; 
heated with concentrated sulphuric acid, however, the double 
salts are decomposed and the corresponding sulphates are 
formed. 



NAME. 



FERROUS, 

Acetate Fe{C^H^O<^(i^ 

Bromide Fe Br^.hH<^0 

Carbonate , . .Fe CO^ 

Chloride Fe Cl^.^^ O 

Cyanide Fe{CN) 

Ferrocyan Fe^Fe ( CN) 

Ferricyan .,Fe^{Fe{CN)^) 

Hydrate Fe {OH) 

Iodide Fe I^.^H^O 

Nitrate. .Fe {NO^),^.(iH^O 

Oxalate Fe C^O^ 

Oxide Fe U 

Phosphate Fe^{PO^\^.%H^O 

Sulphate FeSO^TH^O 

Sulphide rrrTTT. .Fe S 

Thtosulph ..FeS^Os- S^^ O 
Amm. Sulphate. ... (6/1^0) 

FERRIC. 

Acetate Fe{C^H^O^)^ 

Bromide Fe Br^ 

Chloride Fe Cl^ 

Chromate (basic) 

Ferrocyan . . Fe^^{Fe[ CN)^)^ 

Ferricyan Fe Fe { CN ) g 

Hydrate Fe {OH)^ 

Nitrate.. .Fe{NO^)^. \%H^0 

Oxalate Fe^{C^O^)^ 

Oxide Fe^O^ 

Phosphate ..,Fe PO^./^H^O 
Sulphate.,Fe^{S0^)^.9H^0 
SulphocyanFe^SCN^^-^H^ O 
Amm. Sulphate. . . {2/^H^O) 



Color. 



white 

green 
grey white 

white 
yel. red 
light blue 
dark blue 
grn. white 
dark grn. 

white 

white 

black 
blue wh. 

green 

black 

green 
pale green 



dull red 
. red 
garnet red 

brown 
dark blue 

brown 

red brown 

white 

white 

grey 

yellow wh. 

red brown 

red 

white 



Solubility in zoo parts 

cold hot 

water. 



very sol. 

sol. 

insol. 

130 

insol. 

insol. 

insol. 

insol. 

very sol. 

sol. 

0.02 

insol. 

insol. 

6<5 

insol. 

very sol. 

17 



very sol. 

s. sol. 

deliq. 

insol. 

insol. 
sol. 

insol. 
very sol. 

insol. 

insol. 

insol. 
very sol. 

deliq. 

14(20°) 



very sol. 
very sol. 

insol. 
very sol. 

insol. 

insol. 

insol. 

insol. 

dec. 

dec. 

0.03 

insol. 

insol. 

333 
s. sol. 

very sol. 

very sol. 



dec. 
sol. 

deliq. 

dec. 

insol. 
sol. 

insol. 
very sol. 

insol. 

insol. 

insol. 

dec. 

deliq. 
400(100°) 



Remarks. 



Dec. in air to hydrate. 

S. ex. forms K^Fe^CN)^ 
Dark blue on standing. 
TurnbuU'sbluen.s. acids 



Sol. in dil. acids. 



Green vitriol. 

Other sulphides : FeS^, 



Low temp. Fe^Cl^. 

Prussian blue, insol. dil. 

[acids. 
Insol. alkali hydrates. 

Sol. oxalic acid. 
Other oxide Fe^O^. 
Sol. in dil. acids. 



Ferric ammon. alum. 



Sol. in amm. chlor. : ferrous carbonate and hydrate. 

Sol. in pot. cyan, (hot) : all insol. ferrous salts ; ferric cyanide, ferrocyan., and 

phosphate. 
Sol. in tartrates : ferrous carbonate, hydrate, phosphate (diff. sol.) ; ferric cyanide, 

ferrocyan., hydrate, and phosphate. 



.»! 
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Oxidation and Reduction. — Ferrous compounds are 
oxidized to ferric, by the oxygen of the air (hence reagent 
bottle of ferrous sulphate invariably contains ferric sulphate), 
by chromic acid, potassium permanganate, silver nitrate,, 
chlorine, bromine, nitric acid, etc. 

Ferric compounds are reduced to ferrous, by the action of 
iron, zinc, or tin, by stannous chloride, hydrogen sulphide,, 
ammonium sulphide, dextrose, etc. 

Blowpipe Reactions. — B. B. on C. with carb. soda, alt 
compounds of iron are reduced to a black metallic powder 
attracted by the magnet. Borax bead: O.F., red, hot; yellow, 
cold ; R.F., colorless. Microcosmic salt bead : bottle green, hot ;. 
almost colorless, cold. 

CHROMIUM. Cr=61.77. 

Occurrence. — Ores: chrome iron ore, FeCr^O^ ; croco-^ 
isite, PbCrO^, Metallurgy: chrome iron ore, mixed with quick^ 
lime, is heated in a reverberatory furnace with free access of air,, 
whereby calcium chromate is formed ; dilute sulphuric acid 
converts this into soluble dichromate, which with potassium 
carbonate yields red chromate of potash (potass, dichromate), 
from which all chromium compounds are obtained. In commerce : 
potassium (and sodium) dichromate, K^Cr^O^ ; chrome alum, 

K^S0^,Cr^{§0^)^.2^H^0 ; chrome yellow, PbCrO^. 

^- 

Atomic Weight.— S/o^cA. fig. : 6.6595 S^"^- » ammonium 
bichromate, upon heating, yielded 4.0187 grm. chromic oxide. 
Specific heat, O.122. Volatile compounds : chromic trichloride, 
CrC/3 ; chromous chloride, CrCl^ ; chromium oxychloride, 
CrO^Cl^. Isomorphous relations: with sulphur and iron, in 
sulphates and ferrates ; with iron and aluminium, in alums, 
spinelles, and oxides (cf. iron). 

Chemical Relations. — Chromium forms three series ^ 
compounds: chromous CrX^, chromic CrX^, and cb 
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The chromous compounds are very easily oxidized, e.g., by the 
air — and are not met with in analysis. They resemble in chemi- 
cal behavior, formulae, and crystalline form, the corresponding 
ferrous compounds. The chromic compounds resemble those 
of the sesquioxides of aluminium, iron, manganese, and cobalt, 
there being a series of chromic alums and of members of the 
spinelles group. In their basicity the chromic hydrates stand 
between alumina and ferric hydrate, some forms being soluble 
and others insoluble in potash. The chromates correspond to 
the sulphates, the dichromates to the pyrosulphates {not to the 
bisulphates, or acid sulphates), chromium trioxide to sulphur 
trioxide, chromyl chloride to sulphuryl chloride, etc. The more 
metallic nature of chromium is evidenced by the existence of 
alkali chlorochromates undecomposed by cold water. 

The Compounds of Chromium. 



NAME. 



Acetate Cr{ C.^, H^O^)^ 

Bromide Cr Br^ 

Carbonate (basic) 

Chloride CrCl^ 

Chromate Cr 0^ 

Cyanide Cr{CN)^ 

Hydrate Cr{OH)^ 

Nitrate. . . Cr {NO^)sH^ O 

Oxide Cr^O^ 

Phosphate Cr^{PO^)^ 

Sulphate Cr^{SO ^)^.\%H ^O 

Sulphide Cr^S^ 

Chromyl chloride. . Cr O.^ Cl^ 

Pot. chrom K^Cr O^ 

Pot. dichrom K^ Cr^ 0^ 

Chrome alum 




dark gr. 

red br. 

dark red 

br. yel. 

bl. grn. 

pale bl. 

purple 

green 

green 

violet 

grey grn. 

red 
A ellow 

red 
purple 



Solubility in 100 parts 

cold hot 

water. 



very sol. 
very sol. 

insol. 
very soL 

insol. 

insol. 

insol. 
very sol. 

insol. 

insol. 
sol. 

insol. 
dec 

50 
10 

14 



dec. 
very sol. 

insol. 
very sol. 

dec. 

insol. 

insol. 
I very sol. 
I insol. 

insol. 

sol. 

insol. 

dec. 
60 

ICX) 



Remarks. 



Basic acetate deposited. 
Dissolves slowly. 

Dissolves slowly. 

S. ex. on warming. 
Sol. cold potash. 

Other oxides Cr 0^, Cr O. 



Fuse hydrate and sulphur. 



Sol'n grn. on heating. 



Sol. in pot. cyan. : all insol. chromic salts. 
Sol. in tartrates : cyanide and hydrate. 

Chromium is a light green, crystalline, difficultly fusible 
powder ; sp, gr. 7.3, m.p. above that of platinum ; not oxidized 
in air at ordinary temperatures; heated in air, or in the 
presence of potash, it forms the oxide ; it dissolves readily in 
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dilute hydrochloric and sulphuric acids, but is insoluble in 
nitric acid. 

Chromic compounds CrX^, exist in two modifications in 
solution : i^reen and Juolet ; only the latter crystallize. 

Chromic chiende, Ci CI ^; obtamed by reducing potassium 

dichruiuatt: or cliromic .acid with hydrogen sulphide or alcohol 

js^iie^siFeseiioe of dilate iiydrochloric acid. In the latter case 

Ae.matmtkm should be heated mtil the color changes to a pure 

-tg^f^atjflPMtsr wUch the excsess of acid and alcohol must be 

zKXrA),+6H.S+i6HCi = 4CrCL, + ^KCl+i^HoO+3S^ 

J Chromic hydrate^ Cr{OH)^ ; precipitated from chromic 
7 salts {e,g., chloride) by fixed alkalies, ammonia, alkali carbon- 
)ates, barium carbonate, ammonium sulphide, or potassium 
> cyanide. The precipitate is soluble in excess of cold alkali 
7hydrate, almost insoluble in ammonia. The purple color 
\ sometimes observed in the filtrate from Group III A arises from 

the presence of small quantities of ammonium chromium 

double salts. 

Chromyl chloride CrOXL,, — If equal quantities of finely 
S divided potassium dichromate and sodium chloride be 
• mtxed. and heated with concentrated sulphuric acid in a 

test-tube provided with a cork and gas delivery tube, the 

latter dipping into caustic potash solution, brown vapors of 
? chromyl chloride will distill over ; these react with the potash 

to form potassium chromate and potassium chloride. 

Potassium chromitc KCrO.., in solution emerald green ; 
/ from chromic chloride by adding potash in sufficient excess 

(in the cold) to dissolve the precipitate at first formed. Upon 
i boiling tliis solution, or by treating with acids, ammonium 
) salts, or hydrogen sulphide, a chromic hydrate* is precipitated 
' (c/. aluminium). With alkaline solution of zinc hydrate, zinc 

chroniite ZwCr.^O^, yellow, is precipitated. 

Potassium cJnomatc K.,CrO^, from chromic hydrate or 

*Tlie hytlratc precipitated on Iwiling a dilute solution of potassium chromite con- 
tains less water than the '* normal " hydrate, and is much less soluble. 



•:»i» ■ 



Al, Fe, Cr.] SEPARATION. 89 ' 

oxide by fusing with a mixture of sodium nitrate and carbonate. 
With acids a red color is produced, arising from the formation 
of dichromates. The original color is restored by the addition 
of alkalies. 

Chromium chromate Cr^O^.CrO^f brown yellow; from 
chromic chloride with potassium chromate : consequently 
formed if potassium dichromate be partially reduced b*y hydro- 
chloric acid and alcohol, and alkali be added. 

Oxidation and Reduction. — Acid solutions of chromates 
or dichromates are reduced to chromic compounds (green) by 
almost all reducing agents, e.g., sulphurous acids, sodium 
thiosulphate, hydrogen sulphide, alcohol, oxalic acid, ferrous 
and stannous salts, etc. Chromic compounds in alkaline 
solution, i.e., as alkali chromites, can be oxidized to chro- 
mates by chlorine or brpfnine water, bleaching powder, lead 
dioxide, etc. 

Blowpipe Reactions.— B. B. on C. with carb. soda ; 
i<:hromium compounds are all reduced to chromic anhydride, 
.""^ /-CrgOs, green. Borax and tnicrocosmic salt beads: both flames, 
I yellow green, hot; emerald green, cold. 

■ 

SEPARATION IN GROUP III A. 

Wash the precipitate of ferric, chromic, and aluminium 
hydrates, and boil for several minutes in a test-tube with a 
solution of potassium hydrate ; filter. 

Solution : potassium aluminate KAIO^^ ; from this a white^ A^-^ 
gelatinous precipitate of alumina may be obtained ' 
by bar gl y acid i fying with hydrochloric, acid and 
PfisM/^ ^^X^ adding ammonium carbonate. 

^jt-^- Residue: Fe{OH)^, CrOHi^. Iron may be detected by dissolv- 
ing a part in dilute hydrochloric acid and adding 
potassium sulphocyanate ^ ferrocyanide ; and chro- 
mium in another portion by oxidizing in alkaline 
I solution, acidifying with acetic acid and adding lead 
I acetate. /^ 

I'hL 
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To oxidize the chromic hydrate it may be suspended in 
solution of potash and warmed with either bromine water, 
lead dioxide, oBj*Tbleaching powder ; (or the hydrate may be ^ 
fused with nitre* and sodium carbonate, and the fused mass LJ^ 
dissolved in water, and filtered (ferric hydrate separated)lf 



COBALT. Co = 58.4. 



Occurrence. — Ores : cobalt glance, {CoFe)AsS^ ; speiss 
cobalt, {CoFeNi)As^ ; and almost always with nickel in the 
ores of the latter. Metallurgy : consult text-book. In com- 
merce : smalt (silicate); Th^nard's blue (aluminate) ; and cobalt 
nitrate, Co{NO.^),^ . 6H^0. 

Atomic Weight. — Stoech. fig. : upon reduction with 
hydrogen, 33.5908 grm. cobaltous oxide yielded 26.40 grm. 
metallic cobalt. Specific heat, O.106. Isomorphotis relations : with 
magnesium, zinc, iron, nickel, and manganese, in MeSO ^jH ^0 / 
with these, together with copper, cadmium, and mercury, in 
MeSO^,K^SO^.j^H^O; with iron in Me^(P0^)^.8H^0, and 
with iron, aluminium, etc., in alums. 

Chemical Relations. — Cobalt forms two series of salts : 
the cobaltous salts CoX,^, which resemble those of nickel to 
an extraordinary degree, correspond to the ferrous salts ; the 
hydrate, however, is a weaker base than the corresponding 
hydrate of iron, and from solutions of its salts potash in small 
quantity precipitates basic cobaltous salts, which, by con- 
tinued action of water, may be converted Jnto the hydrate. 
The cobaltic compounds C0X3, with the exception of certain 
double salts (e.g., cobaltic potassium nitrite and potassium? 
cobalticyanide), are readily decomposed by water, and only a 
few of them have been obtained in the crystalline state. A 
very large number of ammonio-cobalt compounds are known^ 
The metal itself is slightly magnetic. 
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The Compounds of Cobalt. 



NAME. 



Color. 



COBALTOUS, 

Acetate . . ,.Co {C^H^O^)^ 
Bromide... Co Br^.hH^O 

Carbonate Co CO^ 

Chloride ....Co Cl^.6H^ O 

Ckromate (basic) 

Cyanide Co {CN)^ 

Ferrocyan ....Co^Fe{ CN ) ^ 
Ferricyan ...Co^{Fe( CN)q ) ^ 

Hydrate Cr{OH)^ 

Iodide. Co 1^.611^0 

Nitrate . . Co {NO^)^.6HiO 

Oxalate Co C^O^ 

Oxide Co O 

PhosphateCo^{PO^)^.%H^O 
Sulphate . ..Co SO^.jH^O 

Sulphide Co S 

Sulphocyan Co {SCN)^ 

Thiosulph Co S^O^ 



pink 

red 

red 

red 

red br. 

brown. 

grey grn. 

br. red 

pink 

dark grn. 

red 

pink 

brown 

pink 

red 

black 

blue 

red 



Solubility in loo parts 

cold hot 

water. 



deliq. 
deliq. 
in sol. 
sol. 
insol. 
insol. 
insol. 
insol. 
insol. 
very sol. 
deliq. 
insol. 
insol. 
insol. 

. 4 
insol. 

sol. 

sol. 



deliq. 
deliq. 
insol. 
sol. 
insol. 
insol. 
insol. 
insol. 
insol. 
very sol. 
deliq. 
insol. 
insol. 
insol. 

65(70^) 
insol. 

sol. 

sol. 



Remarks. 



Basic : pink to violet. 
Not deliquescent. 

S. ex. 

Insol. dil. acids. 
Insol. dil. acids. 
Insol. alkali hydrates. 



Other oxides Cr 2(^3 . 

Insol. amm. sulphide. 
Not dec. on l)oiling. 



Sol. in ammonia or in pot. cyan. : all insol. cobalt salts except sulphide. 

Sol. in amnion, chlor. : carbonate, hydrate, and oxalate. 

Sol. in tartrates : all insol. cobalt salts except ferrocyaiV) and sulphide. 

Cobalt is a reddish grey, iridescent metal ; s/>. gr, 8.6 ; m,p, 
iSoo^C; at ordinary temperatures not oxidized in the air ; 
as finely-divided powder it burns to form the oxide Co^O ^, 
Dissolves readily in nitric, slowly in hydrochloric and sulphuric,. 
acids. 

Cobaltous compounds CoX^, in solution, and hydrated 
crystals, red ; anhydrous crystals, lilac. 

Cobaltous cyanide Co(CiV)o. — From solutions of cobaltous 
salts with potassium cyanide. The precipitate is soluble in 
excess of potassium cyanide, forming potassium cobalt cyanide 
Co{CN)^ . 2KN, which, upon addition of a few drops of 
dilute hydrochloric acid and heating (with the excess of pot- 
assium cyanide), forms potassium cobalti-cyanide iCgCoCCiV)^. 
From this solution cobalt cannot be precipitated by dilute, 
hydrochloric acid (distinction from nickel). 
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Potassium cobaltic nitrite, — From concentrated solutions of 
cobaltous salts (previously acidified by acetic acid), by addi- 
tion of potassium nitrite. In dilute solutions the precipitate 
forms slowly (distinction from nickel, no precipitate). 

[2Co(NO^)^ + i^NO^ + ^C^H^O^ = 

Cobalt ammonia compounds : cobaltamines. — A large class of 
variously colored compounds ; from solutions of cobaltous 
salts by the addition of ammonia in sufficient excess to dis- 
solve up the precipitate first formed. Treated with strong acids, 
or allowed to stand in the air, these solutions undergo change 
of color from formation of cobaltamines. 

Potassium cobaltate, [K^Co^Oj^f^?] — From oxides of cobalt by 
fusing with potash in the air. Insoluble in water, decomposed 
by acids. 

Oxidation and Reduction. — In alkaline solution cobalt- 
ous compounds are oxidized to cobaltic by exposure to the air, 
by chlorine water, bromine water, potassium hypochlorite, 
lead dioxide, and by potassium nitrite in acetic acid solution. 
Cobaltic compounds are reduced to cobaltous by oxalic, 
phosphorous, sulphurous, hydrosulphurous, hydrochloric, etc., 
acids. Metallic cobalt is precipitated from solutions of cobalt 
salts on zinc, cadmium, and magnesium. 

Blowpipe Reactions.— B. B, on C with carb. soda, all 
compounds of cobalt are reduced to a metallic powder 
attracted by the magnet. BMJULSnd microcosmic salt beads, in 
both flames, blue, hot or cold. 



NICKEL. Ari = 58.3. 

Occurrence.— Om : nickel blende, iVtS ; millerite, iViS^ ; 
nickeline, AT/^s; and almost always with cobalt in its ores. 
Metallurgy : consult text-book. In commerce : nickel matt ; 
alloys, e.g-., German silver, armor-plates, etc. 

Atomic Weight.— Stoech, fig,: 28.5943 grm. nickel oxide 
yielded 22.4730 grm. metallic nickel. Specific heat, O.109. 
Isomorphous relatiofts : with magnesium, zinc, cobalt, iron, and 
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magnesium, in MeSO^.jH^O ; with these together with copper, 
cadmium, and mercury in M^SO^.i^rgSO^-Gf/jjO; with magnesium 
in Me^S^O^. 

Chemical Relations. — Nickel form shut one series of salts, 
of the type NiX^, which strongly resemble the cobaltous salts ; 
from their 'solutions in water, however, potash does not precipi- 
tate basic salts. Ammonia-nickel compounds exist, but are 
formed much less readily than are the corresponding derivatives 
of cobalt. After iron, nickel has the greatest magnetic perme- 
ability. 

The Compounds of Nickel. 



NAME. 



Acetate Ni^C^H^O^)^ 

Bromide Ni Br^ . 2/^.j O 

Carbonate (basic) 

Chloride NiCl^'.^H^O 

Chromate (l)asic) 

Cyanide Ni {CN)^ 

Ferrocyaii Ni^Fe {CJV)q 

Ferric y an Ni^ [Fe ( CN ) g ) 2 

Hydrate Ni{ OH).^ 

Iodide NiI^,6H^0 

Nitrate Ni{NO^)^ . 6H^0 

Oxalate Ni C^O^ 

Oxide NiO 

Phosphate. ..Ni^{PO^)^ . jH^O 

Sulphate '. .NiSo^ . TH^O 

Sulphide NiS 

Sulphocyan ..Ni{SCN)^ . ^ff^O 
Thiosulphate . . Ni^ S2 O^ . 6N^ 



Color. 



green 
green 
green 
green 

red br. 

grn. wh. 

grn. wh. 
grn. yel. 
pale grn. 
green 
green 
green 
black 
green 
green 
black 

br. yel. 
green 



Solubility in 100 parts 

cold hot 

water. 



16 
deliq. 
insol. 
sol. 
insol. 
insol. 
insol. 
insol. 
insol. 
deliq. 

insol. 
insol. 
insol. 

. 37 
insol. 

sol. 

sol. 



very sol. 

deliq. 

insol. 
sol. 

insol. 

insol. 

insol. 

insol. 
. insol. 

deliq. 
very sol. 

insol. 

insol. 

insol. 
62 (70°) 

insol. 
sol. 
dec. 



Remarks. 



Sol. amm. carb. 
Anhydrous, yellow. 

S. ex. 

Insol. dil. acids. 

Insol. alkali hydrates. 



Sol. in amm. oxal. 
Other oxides Ni^O^. 
Sol. dil. acids. 
Anhydrous, yellow. 
S. sol. ammon. sulph. 

Forms sulphide. 



SjI. in ammonia, or in pot. cyan.: all insol. nickel salts except sulphide. 
Sol. in ammon. chlor.: carbonate, hydrate, oxalate, and phosphate. 
Sol. in tartrates : all insol. nickel salts except ferrocyan. and sulphide. 

Nickel is a silver-white, lustrous, malleable metal ; sp. gr. 
8.82, m,p, 1500° C. In air at ordinary temperatures unchanged ; 
heated, forms nickel oxide ; dissolves readily in dilute nitric 
acid, slowly in dilute hydrochloric and sulphuric acids ; insol- 
uble in concentrated nitric acid (cf, iron). 

Nickelous compounds, N 1X2 : dilute solutions and hydrated 
crystals, green ; anhydrous crystals, yellow. 



•94 MANGANESE. [Group III B. 

Nickel cyanide, Ni{CN)2 ' from solutions of nickel salts 
with potassium cyanide ; precipitate soluble in excess {KCN)2 
Ni(CN)2f reprecipitated upon addition of a few drops of 
dilute hydrochloric acid {cf. cobalt). 

Nickel hydrate, NiiOH)^'' from solutions of nickel salts with 
alkali hydrates or ammonia; soluble in excess of ammonia, 
forming compounds which, upon exposure to the air, show a 
change of color similar to that of the cobaltamines. From 
these solutions the nickel can be slowly reprecipitated by 
potassium or sodium hydrate (distinction from cobalt). 

Oxidation and Reduction. — In alkaline solution nickel- 
ous compounds are oxidized to nickelic oxide by chlorine 
Avater, bromine water, sodium hypochlorite, and sodium hypo- 
bromite. Nickelic oxide is reduced to nickelous by oxalic, 
nitrous, phosphorous, sulphurous, hydrochloric, hydrobromic, 
-hydroferrocyanic, etc., acids. Nickel compounds deposit 
metallic nickel upon zinc, cadmium, tin, etc. 

Blowpipe Reactions.— B. B. on C. with carb: soda, 
all compounds of nickel are reduced to a metallic black 
powder attracted by the magnet. Borax bead: O. F., purple- 
red or violet, hot ; yellow brown, cold. R. F., grey or color- 
less. Microcosmic salt bead : both flames, reddish brown, hot ; 
reddish yellow, cold. 

MANGANESE. M« = 64.53. 

Occurrence. — Ores: pyrolusite, MnO^ ; braunite, MMgO^ ; 
manganite or wad, (MnO)OH ; hausmanite, Mn^O^ ; man- 
ganese spar, MnCO.^ ; in almost all ores of iron, and in many 
silicates, coloring them. Metallurgy : the metal is obtained 
with difficulty from the oxides by reduction with charcoal. 
In commerce : black oxide of manganese, MnO^ ; potassium 
permanganate, KMnO ^ ; and in alloys, e.g., manganese bronze. 

Atomic Weight.— Stoech, fig,: (i.) 80.566igrm. silver per- 
manganate required 42.2506 grm. potassium bromide to 
convert it into silver bromide ; (ii.) IO.6730 grm. manganese 
oxide yielded 22.6875 grm. manganese sulphate. Specific heat. 
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0.109. Isomorphous relations : with magnesium, zinc, iron, 
nickel, and cobalt, in MeSO^^.yH^O ; with these, together with 
copper, cadmium, zinc, and mercury in MeSO ^,K ^^SO ^.(>H ^0 ; 
with iron and chromium in the alums and in Me^O^ ; with 
iron and aluminium, in MeO{OH) ; with iron, chromium, and 
sulphur in K^MeO^ ; and with chlorine in KMeO^. 

Chemical Relations. — Manganese forms six series of 
salt. ManganotiSy MnX^, resembling ferrous salts; manganic , 
MnX^, like cobaltic salts, easily decomposed by heat and on 
boiling with water (only a few, e.g., the sulphate and phosphate, 
have been obtained in the crystalline form) ; manganese 
tetrachloride, bromide, etc., MnX^, obtained by the action of 
the corresponding acids on manganese dioxide, and known 
only in solution (a double salt, MnF ^ . 2KF, has been 
obtained in the solid form) ; the manganites, e.g., CaMuj^Oj^^, 
prepared by the action of bleaching powder on manganous 
nitrate; the manganates, e.g., KMn^O^, corresponding to the 
chromates and sulphates, from manganese dioxide by fusing 
with potash and nitre ; these latter are soluble in water con- / 
taining potash, but decomposed by pure water with precipita- 
tion of manganic hydrate and formation of the permanganates, 
e.g., KMnO^, correspondmg to the perchlorates. 



The Compounds of Manganese. 

Manganese is a greyish-white, brittle, difficultly fusible 
metal, sp.gr. 7.2, m.p. 1900^ C; oxidizes readily in the air at 
ordinary temperatures and decomposes water without heating. 
It dissolves readily in dilute acids. 

Manganous compounds. — MnX^ ; colorless or slightly pink 
in solution. 

Manganous carbonate, MnCO q'. precipitated;froni solutions of 
manganous salts by alkali carbonates ; in air oxidizes to form 
brown manganic oxyhydrate MnO{OH). 

Manganous cyanide, Mn{CN)» : precipitated from mangan- 
ous solutions by potassium cyanide ; soluble in excess of alkali 
cyanide to form the double cyanide Mn(CN)^ . 2KCN; 
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exposed to the air potassium manganicyanide is formed {cf. 
iron and cobalt). 

Manganous hydrate, MniOH)^: precipitated from manganous 
salts by fixed alkali hydrates; soluble in ammonium salts 
with formation of ammonio-manganous compounds, from 
which, exposed to the air, manganic oxyhydrate MnO.OH, 
brown, gradually separates. 

Manganous sulphide, MnS.H^O : precipitated from mangan* 
ous and manganic solutions by ammonium sulphide. With 
excess of ammonia and absence of ammonia salts a green pre- 
cipitate 3 MnS . 2H.fi is formed. 



NAMK. 



Color. 



MANGANOUS. 

Acetate . . . Mn {C^H^O^)^ 
Bromide . .Mn Br^./^tJ^O 

Carbonate Mn CO^ 

Chloride Mn Cl^ .\H^ O 

Chromate Mn Cr 0^ 

Cyanide Mn (CN)^ 

Ferrocyan . . . Mn Fe \CN)^ 
Ferricyan . Mn 3 ( Fe[ CN) ^ ) 2 

Hydrate Mn{OH)^ 

Iodide Mn I^.^ff^O 

Nitrate. . Mn {NO^ )^.6H^0 

Oxalate AIn C^ O^ 

Oxide MnO 

Phosphate Mn^{FOJ^ 

Sulphate ....Mn SO^. ^H^ O 

Sulphide MnS 

Thiosnlph Mn^ S^ O^ 

MANGANIC. 

Hydrate Mn^ 0^ ( OH) 2 

Phosphate ...Mn FO^.H^O 

Sulphate Mn^[SO^)^ 

Pot. Permang. ... K Mn O^ 



pink 
pink 
pink 
pink 
brown 
brown 
white 
brown 
white 
pink 
white 
pink 
green 
white 
pink 
green 
white 



brown 

pink 

green 

violet 



Solubility in 100 parts 
cold hot 

water. 



30(15') 

deliq. 
o.oi 
sol. 

insol. 

insol. 

insol. 

insol . 

insol. 

deliq. 

deliq. 

0.04 

insol. 

s. sol. 
very sol. 

insol. 

deliq. 



sol. 

s. sol. 

dec. 

6.5 



very sol. 

deliq . 

s. sol. 
650 

insol. 

insol. 

insol. 

insol. 

insol. 

deliq. 

deliq. 
0.1 

insol. 

s. sol. 
very sol. 

insol. 

dec. 



insol. 

sol. 

dec. 

very sol. 



Remarks. 



Sol. amm. carb. 



S. ex. 

Insol. dil. hydrochl. acidi 

Brown on standing. 
Decomposes in air. 

S. sol. ex. 

Otheiox. Mn^O^^tMnO^f. 

Sol. dil. acids. [Mn^O^i 

AXtGfMnSO^.SH^O. 

Hydrated sulphide, flesb 

Forms sulphide, [color^ 



Sol. in ammon. chlor. : hydrate, cyanide, chromate, and carbonate. 

Sol. in pot. cyan. : cyanide and carbonate. 

S. tartrates : hydrate, cyanide, chromate, and carbonate. 

Manganic compounds, MnX^ : purple-red in solution. 
Manganates, green, soluble in water. In alkaline solution 




f 
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manganates remain unchanged ; treated with dilute nitric or 
sulphuric acid they rapidly undergo transformation into per- 
manganates (violet). 

Oxidation and Reduction. — Manganous compounds may 
be oxidized to manganic upon heating, or upon simple expo- 
sure to the air, e,g., hydrate, carbonate, cyanide, etc. Man- 
ganous compounds are oxidized to manganates and perman- 
ganates by fusion with carb. soda and potassium chlorate or 
nitrate ; by heating in alkaline solution with bromine ^pr in 
acid sol ution wjtt^^jifid^l^ad^* ] Manganous compounds are 
oxiaizea to manganites by solution of bleaching powder. 
Manganic compounds are reduced to manganous by warming 
with acids. Permanganates and manganates are reduced to 
manganous compounds by ferrous sulphate, oxalic acid, sodium 
thiosulphate, alcohol, etc., in acid solution ; permanganates 
to manganates and finally to manganese dioxide by alkaline 
solutions of alcohol, stannous chloride, etc. 

Blowpipe Reactions. — All manganese compounds, fused 
wittwcarb. soda on a platinum wire, yield a green-colored bead 
(tu^tR^isLe enamel). Borax and microcosmic salt beads ; O. F,, 
violet, hcTt ; amethyst-red, cold ; R. F., slowly decolorized. 

' ^ ZINC. Zn = 64.77. 

Occurrence. — Ores : zinc blende, ZnS ; smithsonite, 
ZnCO^'j and siliceous calamine, ZWS/O4 .//gO. Metallurgy: 
the metal is obtained from zinc blende by roasting (to convert 
the sulphide into oxide), and subsequent reduction with char- 
coal. In commerce: metal; alloys, e.g., brass, bronze, etc.; white 
vitriol, ZnSO^ , ^H.^O ; zinc chloride, ZnCl^ ; and zinc white, 

ZnO. 

\ 

Mix a little red lead with 5-10 cc, dil. nitric acid in a test-tube, heat almost to (^ I 

boiling aftd add a drop of dilute solution of manganous sulphate. Very delicate test for 
manganese if properly carried out. Essential to the success of the experiment is the 
absence of all reducing agents {e.g., hydrochloric acid, excess of manganous salt). 
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Atomic Weight.— S^o^cA. fig. : (i.) 29.6754 grm. zinc 
dissolved in dilute sulphuric acid evolved IO.0934 litres 
hydrogen at normal temperature and pressure ; (ii.) 16. 0316 
grm. zinc yielded 2O.2608 grm. zinc oxide ; (iii.)electrolytically, 
one grm. of zinc is equivalent to 8.30 grm. silver. Specifi,c 
heat, 0.094. Volatile compgunds : metallic zinc, zinc chloride, 
and zinc organic compounds. Isomorphous relations : with 
cadmium in MeS ; with beryllium in MeSiO^ ; with* magnesium, 
calcium, iron, and manganese, in MeCO^ ; with magnesium, 
iron, nickel, cobalt, and manganese, in MeSO^ .jH^O; with 
copper, magnesium, cadmium, mercury, iron, nickel, cobalt, 
manganese, and chromium, in MeSO^ . K^SO^ .6H.^0 ; and 
with iron and magnesium in the spinelles. 

Chemical Relations. — With acids, zinc forms salts of the 
type ZmA'o, many of which are isomorphous with the corre- 
sponding salts of magnesium, chromium, manganese, iron, 
cobalt, and nickel ; the chloride is partially decomposed oij, 
boiling with water, and the hydrate dissolves in solutions 
of potash or soda forming alkali zincates. Though strongly 
resembling magnesium, zinc is one of the heavy metals {sp, gr^ 
7.5), and corresponding!}- its hydrate and sulphide are insoluble 
in water, and its oxide is easily reduced bv carbon. 



The Compounds of Zinc. 

Ziwc is a bluish white metal, sp. gr. 7.14, m.p. 450^C. ; not 
oxidized in air at ordinar\' temperatures ; heated in air forms 
zinc oxide : if impure, it dissolves readily in dilute acids, very 
slowly in concentrated nitric acid. (The solution of pure zinc in 
dilute acids may be hastened by touching it with a strip of 
copper or platuium standing in the acid, or by adding copper 
sulphate to the solution. Solution of the pure metal in fixed 
alkalies is promoted by presence of iron filings.) 

/TfMC compouuds, A/.W,: colorless in solution, except the acid 
bo colored. 

Potassium zincat^, A\>Z«().js, white: from solutions of zinc 
^alts by potash in sufficient excess to dissolve the precipitate^. 
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Zn{OH)^, first formed. Dilute solutions of zincates on boil- 
ing precipitate zinc oxide ; concentrated solutions are not 
decomposed by heat. 



NAME. 






Acetate Zn {C^H^O^)^ 

Bromide Zn Br^ 

'arbonate {basic) 

Chloride Zn Cl^ 

Chromate {basic) 

anide Zn ( CN)^ 

ocyan. . . . Zn.^Fe {CN)q 
icy an ... Zn^{Fe{ CN) <, ) 2 

Hydrate :.Zn {OH)^ 

Iodide Zn Ic, 

Nitrate.. „Zn {N0^),^.6H^d 

Oxalate Zn Cq O^ 

Oxide Zn O 

Phosphate Zn^{rO^^ 

Sulphate Zn SO^.jH^O 

Sulphide Zn S 

Stdphocyan Zn {SCN)^ 

Thiostilph . 



.Zn S^O.^. 



H^O 



Color. 



white 
white 
white 
white 
yellow 
white 
white 
yellow 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 



Solubility in 100 parts 

cold hot 

water. 



30 
deliq. 
0.005 
300 
s. sol. 
insol. 
insol. 
insol. 
insol 
deliq. 
deliq. 
insol. 
o.boi 
insol. 

.^35 
insol. 

very sol . 

deliq. 



200 

deliq. 

insol. 
very sol. 
. s. sol. 

insol. 

insol. 

insol. 

insol. 

deliq., 

deliq. 

insol. 

insol. 

insol. 

6SS 
insol. 

very sol. 

dec. 



Remarks. 



S. sol. amm. carb. 
B.P. 400*'C. 

S. ex. 

S. sol. dil. hydrochl acid. 
Sol. dil. hydrochlor. acid. 
Sol. alkali hydrates. 



Sol. dil. acids. 
" White vitriol." 
Insol. dil. acetic acid. 

Forms sulphide. 



Sol. in ammonia : all insol. zinc salts except sulphide and ferrocyanide. 
Sol. in pot. cyan. : all insol. zinc salts except sulphide, ferrocyan. and hydrate. 
Sol. in tartrates : all insol. zinc salts except sulphide, ferrocyan. and phosphate. 
Sol. in ammon. chlor. : all insol. zinc salts except sulphide, ferocyan. and phosphate 



Blowpipe Reactions. — B, B. on C. with carb. soda, 
compounds of zinc are reduced to metallic state. The metal 
oxidizes to form an incrustation on the charcoal, yellow when 
hot, white when cold ; moistened with cobalt nitrate and re- 
ignited, the incrustation assumes a grecQ; color. 



I02 SEPARATION. [Group III. 

make a prelimina^^|vestigation as to the presence or absence 
of these substaq^^^according to the scheme given in the 
chapter on the detection of the acids. If they be present, they 
may be removed as follows before proceeding with the 
analysis : 

To remove organic substances : the filtrate from Group II 
is evaporated to dryness and then gently ignited in a porcelain 
crucible, and the residue dissolved in hydrochloric acid ; or, if 
phosphorus be present, in nitric acid, filtered and analyzed 
according to the usual method. 

To remove phosphoric acid : the nitric acid solution is 
warmed in an evaporating dish with granulated tin, or better 
tin-foil, and excess of nitric acid, until a portion tested with 
ammonium molybdate shows the absence of phosphoric acid. 
^ [As the nitric acid evaporates it must be replaced ; if this be 
not attended to, aluminium, chromium, and iron may go into 
the precipitate.] The whole is then heated for a moment to 
boiling, the solution poured off from the precipitate, diluted 
with water, lead (from the tin-foil) precipitated by hydrogen 
sulphide, filtered, and the filtrate examined for Group III as 
usual. 

To analyze the precipitate produced by the third group 
reagents in a solution containing phosphoric acid : 
>4. Wash separately the precipitates of Group III A and 
Group III B, mix them, and warm them with ammonium 
sulphide. Filter and wash. The precipitate may contain the 
sulphides of iron, manganese, cobalt, nickel, and zinc, the 
hydrates of aluminium and chromium, and the phosphates of 
aluminium, chromium, calcium, strontium, barium, and mag- 
nesium. 

Dissolve this precipitate in hot dilute hydrochloric acid 
with addition of a crystal of potassium chlorate, remove 
chlorine by boiling and any sulphur by filtrat ion ^ add sodium 
carbonate until a precipitate is produced, then just enough 
dilute hydrochloric acid to dissolve it again, and, lastly, excess 
of sodium acetate solution slightly acidified with acetic acid. 
Warm for some time and filter hot. 

Precipitate FePO^^ AlPO^, CrPO ^. The iron and chro- 
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mium may be detected as described on page 89 ; the 
aluminium by boiling the precipitate with potassium 
hydrate for some minutes, filtering, acidifying the 
filtrate with hydrochloric acid and adding excess 
of ammonia, which causes a white precipitate of 
aluminium phosphate insoluble in acetic acid. 
Filtrate, CoCh,NiCh,MnCl^iZnCl.2,CaClo,SrCl^j BaCl^. 
M^Clo> and either FeCl^, CrCl^ and AICIq orH^PO^, 
Add ferric chloride drop by drop so long as a precipi- 
tate results and until the liquid turns red, and digest 
for a time at a gentle heat. Remove the precipitate 
FePO^ by filtration. To the filtrate, or solution not 
precipitated by ferric chloride, add amonium chloride 
etc., proceedmg as directed on page 89. 
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THE FOURTH GROUP. 






Barium, strontium, ancf calcium, the metals of this group, 

resemble one another so closely that it is more satisfactory 

to treat of the chemical relations of all three together in this 

place than to consider each one under a separate head. In 

/ Mendelejeff's table they are the next-door neighbors of the 

7 alkali metals, and resemble the latter in their power of decom- 

jposing cold water, in being readily oxidized in the air, and 

W the strongly basic properties of their hydrates ; they differ in 

forming insoluble carbonates, sulphates, and phosphates. 

Of the three hydrates, that of barium is the strongest base ; 
it may be melted at a red heat without losing water, and 
the carbonate of barium gives off but little carbon dioxide at its 
melting temperature — contrast the corresponding compounds 
of calcium. Strontium in this, as in other respects,(for instance, 
in the solubilities of its salts) stands midway between the other 
two. 

Each of these metals forms only one series of salts ; but 
as none of the latter are volatile enough to admit of a vapor 
density measurement, and as, until recently, no specific heat 
determination of any of the metals themselves had been made, 
the atomic weights of the elements could be deduced only from 
a study of their isomorphous relations. In order to show their 
analogy, from a crystallographic point of view, with the members 
of the magnesium group, the salts of barium, strontium, and 
calcium have been given the general formula MX^. The 
atomic weights thus decided on have been confirmed by a 
subsequent determination of the specific heat of calcium. 

Barium, strontium, calcium, and magnesium are termed 
the " alkaline earths," standing intermediate between the 
alkalies on the one hand, and the " true earths/* e.g., alumina. 
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on the other. Magnesium, however, by reason of the solubility 
of its carbonate in ammonia salts, is separated from the others 
in the scheme of analysis adopted, and has a place in the fifth 
analytical group. 

BARIUM. Ba = 136.40. 

Occurrence.— Or^s : heavy spar, BaSO^ ; and witherite, 
BaOPs' Metallurgy : the metal is obtained by electrolysis of 
the chloride, or by reducing the latter with sodium or potas- 
sium. In commerce : permanent white (paint), BjiS04^ ; barium 
nitrate, BaiNO^)^ ; barium dioxide, BaO^, (manufacture of 
hydrogen peroxide). 

Atomic Weight.— -S^o^cA. fig. : I24.1929 grm. barium 
chloride convert 128.8934grm. silver into silver chloride. Iso- 
morphous relations : with calcium, strontium, and lead, in 
MeCO^ (arragonite series), and in MeSO^. 

The Compounds of Barium. 



NAME. 



Acetate.. Ba{C^H^0^)^,2H^0 

Bromide BaBr^ . iHt^ O 

Carbonate BaCO 

Chloride BaCl^.iH^ O 

Chromate BaCrO^ 

Cyanide Ba {CN)^ 

Ferrocyan . . . , Ba^Fe ( CN)^ 
Ferricyan . . .,Ba^{Fe{CN)^)<^ 
Hydrate . . . .Ba{OH)^ ,%H^0 

Iodide Bal<^ . 2H^0 

Nitrate Ba{NO^)^ 

Oxalate BaC^O^ 

Oxide BaO 

Phosphate BaH{PO^) 

Sulphate BaSO^ 

Sulphide BaS 

Sulphocyan Ba{SCN)^ 

Thiosulph BaS^O^ 



Color. 



white 

white 

white 

white 

yellow 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 



Solubility in lOo parts 

cold hot 

water. 



80 (15*') 

100 

insol. 

33 (10^) 
insol. 

s. sol. 

0.1 

s. sol. 

1.7(0°) 

2CX3 

5 
0.4 



insol. 
0.0003 

dec. 
deliq. 
s. sol. 



90 (100'*) 

150 

insol. 

60 (104'*) 

insol . 

sol. 

0.85 

sol. 

lOI. (80°) 

300 

35 (102'') 

0.4 



Remarks. 



Sol. chromic acid (cf. lead). 



insol. 
insol. 

dec. 
deliq. 

sol. 



S. sol. amm. chl. 
With water forms hydrate. 
Ba^(PO^)^ on standing. 
Insol. dil. acids. 
BaS.dH^O dissolves undec. 



Barium is a silver white or yellow powder, s/>. gr, 3.6, m.b, 
rgdJlfiat ; oxidizes rapidly in the air at ordinary temperatures ; 
decomposes water readily with evolution of hydrogen. 
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Barium compounds, BaX^, colorless in solution, except when 
the acid is colored. 

Oxidation and Reduction. — At red heat in air barium 
oxide and hydroxide form barium peroxide ; at a white heat 
the peroxide loses oxygen to form barium oxide. 

I Flame Test. — Moistened with dilute hydrochloric acid, I 
all barium compounds impart a green color to the flame. 

STRONTIUM. Sr = 87.00. 

Occurrence. — Ores : strontianite, SrCO ^ ; coelestine, 
SrSO ^, Metallurgy: metal obtained by electrolysis of the 
chloride, or by reduction of this salt with sodium. In com- 
merce : strontium carbonate (sugar refineries). 

Atomic Weight. — Stoech.fig. : (i.) 2.9718 grm. strontium 
chloride, converted 4.0493 grm. silver into silver chloride ; 
(ii.) 10.00 grm. strontium chloride yielded 6.8855 grm. stron- 
tium sulphate. Isomorphous relations: with calcium, barium, 
and lead, in MeCO^, and MeSO^, 

The Compounds of Strontium. 



name. 




STRONTIUM. 



Sr {C^H^O^)^ 
, Sr Br,.6H^0 



Acetate . . 
Bromide . 

Carbonate Ba CO^ 

Chloride SrCl^. 6H^ 

Chromate , Sr Cr O^ 

Cyanide Sr [CN)^ 

Ferrocyan Sr,^ Fe ( CN) g 

Ferricyan . Sr^{Fe{CN)^\t^ 
Hydrate . Sr (OH)^.^II^O 

Iodide Sr I^.^H^ O 

Nitrate ..Sr{NO^)^./^ff^O 

Oxalate Sr C^O^ 

Oxide Sr O 

Phosphate SrHPO^ 

Sulphate Sr SO^ 

Sulphide SrS 

Sulphocyan. . . Sr {SCN)^ 
Thiosulph Sr S^O^ 



white 
white 
white 
white 
yellow 
white 
white 
white 
white 
white 
whjjte 
white 
white 
white 
white 
white 
white 
white 



Solubility 


in 100 parts 


cold 


hot 


water. 


40 
88(0°) 
0.006 


40 

250(110°) 

insol. 


44 
s. sol. 


117(118*') 
sol. 


insol. 


insol. 


50 
sol. 


100 
sol. 


2(10°) 

sol. 


40(100°) 
sol. 


40 

insol. 


103(108°) 
insol. 


s. sol. 


s. sol. 



Remarks. 



insol. 

).oi5(o°) 

dec. 

deliq. 
27(16°) 



insol. 

o.oi(io«°) 

dec. 

deliq. 

57(100°) 



Sol. in water containing 

\.C0^. 
Sol. in acetic acid. 



Sol. in tartrates. 



Other oxide Sr O^, 
Sr^iFOJ^ on standing. 
S. sol. dil. acids. 



Ba, Sr, Ca.] CALCIUM. I07 

Strontium is a light yellow metal, sp,gr.2^ m.p. r ed hea t ; 
oxidizes in the air at ordinary temperatures, forming strontium 
oxide ; decomposes water without heating. 

Strontium compounds, SrX ^y are colorless in solution except 
when the acid is colored. 

Oxidation. — Strontium oxide forms the peroxide by heating 
in a current of oxygen, or by treating with hydrogen peroxide. 

Flame Test. — All strontium compounds, moistened with / 
/dilute hydrochloric acid, impart a cajjnine red color to thqf 
flame. 

CALCIUM. Ca = 89.7i. 

Occurrence. — Ores: limestone or marble (calcite). CaCO o: 
arragonite, C(iCD ^ ; gypsum, CaSO ^.aH^O ; fluor spar, CaF.^; 
and apatite, Ca^^POJ^+CaClji ; Metallurgy: the metal is 
obtained by electrolysis of the chloride, or by fusing the latter 
with sodium. In commerce : marble, CaCO^ ; quicklime, CaO ; 
plaster of paris, Ca SO^^ ; superphosphate of lime, CaH^(P0j2 
mixed with calcium sulphate; arid bleaching powder, CaCLOCl 
<)r Ca{0Cl)j,+CaCl2. 

Atomic Weight,— Stoech. fig.: (i.) lO.oo grm. calcium 
carbonate yielded 13. 6050 grm. calcium sulphate, (ii.) 6.870 
grm. calcium chloride, converted 13. 3640 grm. silver into 
silver chloride. Specific heat, O.170. Isomorphous relations : with 
strontium, barium, and lead in MeCO^^ and MeSO^ ; with 
iead in sMc^iPOJo^MeCl^, and MeWO^. 

The Compounds of Calcium. 

Calcium is a yellow lustrous metal, sp. gr. 1 .6j jn_.p. red^heat. 
I n dry air at ordinary temperatures it is slowly oxidized ; it 
fc>urns to form calcium oxide CaO; decomposes water in the cold. 

Calcium compounds, CaXo : colorless in solution, except 
^.'v^hen the acid is colored. 

Calcium arsenite, CoHAsOq, white; from solutions of 
^«ilcium salts slowly precipitated by ammonium arsenite. (Dis- 
- i Jiction from barium and strontium, no precipitate.) 



i 



io8 



CALCIUM. 



[Group IV. 



Calcium hypochloriU, CaiOCl)^: obtained by passing chlorine 
gas into a milky solution of calcium hydroxide : — 

2Ca{0H)^+2Cl^=2Ca{pCl)^ + CaCl2 +H^0 

The resulting mixture of hypochlorite and chloride of calciun> 
constitutes the bleaching powder of commerce. Its use as a 
disinfectant and oxidizing agent depends upon the evolution of 
chlorine when treated with diluted acids, e.g. : — 

• 

Ca{OCl)^+4HCl = CaCl^+2Cl^ + 2H^O. 



NAME. 



CALCIUM, 

Acetate Ca {C^H^ 0^ )^ 

Bromide Ca Bt^ 

Carbonate Ca CO^ 

Chloride Ca Cl^.eH^O 

Chromate Ca Cr O^ 

Cyanide Ca {CN)^ 

Ferrocyan .... Ca^FeiCN)^ 
Ferricyan . Ca^ {Fe{ CN) ^ ) j 

Hydrate Ca{OH)^ 

Iodide Ca It^ 

Nitr&te...Ca {NO^)^./^II^O 

Oxalate Ca C^O^^ 

Oxide Ca O 

Phosphate CaH{PO ^) 

Sulphate Ca SO^.zH^ O 

Stdphide Ca S 

Sulphocyan . . . .Ca {SCN),^ 
Thiosulph. . . CaS,, 0^.(>H<^ O 





Solubility in too parts 


Color. 


cold hot 




water. 


white 


17(12°) 


very sol. 


white 


125(0'') 


300(100°) 


white 


0.002 


0.09 


white 


400 


650 


yellow 


very sol. 


very sol. 


white 


sol. 


sol. 


white 


sol. 


sol. 


white 


sol. 


sol. 


white 


0.13 


0.075 


white 


deliq. 


deliq. 


white 


very sol. 


very sol. 


white 


insol. 


insol. 


white 


0.13 


0.08 


white 


insol. 


insol. 


white 


0.25 (0-) 


22(100°) 


white 


0.2 


dec. 


white 


deliq. 


deliq. 


white 


100 


dec. 



Remarks. 



Sol. in ammon. chloride. 



Sol. in tartrates and 

[ammon. chlor. 



Other oxide, Ca O^. 
CaQ(P04^)2 on standing. 
Max. solubility at 38°. 



Oxidation. — Calcium oxide may be converted into the 
peroxide by treating with hydrogen peroxide. 

Flame Test. — Moistened with dilute hydrochloric acid^ 
all calcium compounds impart a yellowish red color to the 
flame. 



■?• 
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SEPARATION IN GROUP IV. 



Note. — (i.) If the filtrate from Group III contain much 
ammonium sulphide, this must be decomposed by dilute 
hydrochloric acid and the sulphur filtered off, before adding 
the fourth group reagents. 

(ii.) The carbonates of Group IV are not absolutely 
insoluble in ammonium chloride ; addition of ammonia and an 
excess of ammonium carbonate greatly lessens the amount 
dissolved. 

To remove Barium : {a) Dissolve the precipitate of carbon- 

^ates in dilute acetic acid ; to part of the solution add potassium 
dichromate, a yellow precipitate, BaCrO^, indicates the 
presence of barium, and the reagent must be added to the '. 
whole solution. 

(b) Dissolve the carbonates in dilute hydrochloric acid, ^ >'^^'^ 
remove the excess of acid by evaporating to dryness, i^'tr**^ 
js^ dissolve in a little water, and precipitate by dil. sulphuric acid. /X 
'^ ' The precipitate, BaSO^, SrSO^, CaSO^, must be digested_,f;^ 
with sodium carbonate solution for ten minutes at loo*^ C, 
filtered, washed, and treated with dilute nitric acid. z' Qf^z 5"/ aZ^ 
Residue : barium sulphate (free from Sr and Ca)^''' ^^i i;^ ^ 
Solution : nitrates of strontium and calcium, y ^ ^<V<^ ? ^ ^"^\ 

Detection of Strontium in the absence of Barium : To a portion *'' "^ ^.w ^ 
of the solution of the chlorides free from acid (see last para- , ''^i 
graph) add calcium sulphate, boil, and let stand for ten^ "<", ' 



a 



f^0^-; 



'f 



\ 



minutes. Precipitate: strontium sulphate. - ^'"^«/ 

Detection of Calcium in the presence of Barium and Strontium : 
Precipitate the neutral solution of the chlorides with dilute 
sulphuric acid, filter, and to the filtrate add ammonia and 
ammonium oxalate.' Precipitate : calcium oxalate. 






THE FIFTH GROUP. 



Commoner elements : Mg, K, Na, [NH4]. 
Rarer elements : Li, Rb, Cs, 

Magnesium is included with the metals of the alkalies in 
^the fifth group, on account of the solubilities of its salts in' 
solutions of the salts of ammonium; in its properties it 
is intermediate between zinc and the metals of the alkaline 
earths. The metal decomposes water on boiling, but not 
in the cold ; and its hydrate is a weaker base than the hydrate 
of calcium, as is evidenced by the decomposition of the 
hydrated chloride on heating, the formation of a basic 
carbonate, and the ease with which the latter may be con^ 
verted into the oxide. 

Potassium and Sodium decompose water in the cold, form- 
ing hydrates which are among the strongest bases known ; 
their salts, and those of ammonium, are almost without 
exception (see tables) easily soluble in water. 

Lithium shares the pfoperties of the alkali metals with 
those of magnesium {cf. position in Mendelejeffs table), 
resembling the latter in the insolubility of its carbonate and 
phosphate, the former in the isomorphous relations of a few of 
its salts. 

MAGNESIUM. Mg=28.82. 

Occurence. — Ores : magnesite ; dolomite, MgCa(CO^)^ ; 
epsomite, MgSO^,yH^O ; and spinelle, ^^^4/304. Metallurgy : 
the metal is obtained by electrolysis of the fused chloride, or 
by reduction of the latter with sodium. In commerce ; metal ; 
epsom salts, MgSO^.yH^O ; magnesia, Mg(OH)^; magnesia 
alba (basic magnesia carbonate) ; asbestos, (Mg Ca) SiO^. 



Mg, Li, K, Na, NH;\ 



MAGNESIUM. 



I] I 



Atomic Weight.— S^o^cA. jig : I6.0263 grm. magnesia 
yielded 47.8015 grm. magnesium sulphate. Specific heat, O.245. 
Isomorphous relations : with zinc, iron, nickel, cobalt, and 
manganese, in MeSO ^,jHi^O \ with these, together with 
copper, cadmium, mercury, and chromium \n MeSO ^.K ^SO ^, 
6H ^O ; with calcium, zinc, iron, and manganese, in MeCO.^ ; 
with zinc and iron in MeAl^O^. 

The Compounds of Magnesium. 



NAME. 



Color. 



Acetate . . . . Mg{C^H^O^)^ 
Bromide . . . MgBr.^^ 6H^ O 

Carbonate MgCOc^ 

Chloride . . . MgCI^ ,6H^b 

Chromate MgCrO^ 

Cyanide Mg{CN)^ 

Ferrocyan . . . A/g^Fe ( CN ) g 
Ferric y an . Mg^ ( Fe ( CN ) ^ ) 2 
Hydrate. .. ..Mg {OH)^ 

Iodide. ^Jg^i 

Nitrate. .AIg[N0^)<,.6H^0 

Oxalate ^LgC^ O^ 

Oxide MgO 

Phosphate MgHPO^ 

Sulphate MgSO^. yH^ O 

Sulphide MgS 

Sulphocyan Mg{SCN) 

Thiosulph . MgS^O^.dH^O 
A mm. phosphate 



white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

white 

brown 

white 

white 

white 



Solubility in 100 parts 
cold hot 



water. 



50(12°) 

very sol. 

0.025 

130 

sol. 

sol. 

25 

sol. 
s. sol. 
deliq. 

200 
o.o7(i5«') 

O.OOI 

s. sol. 
25.8 (o^) 

s. sol. 

deliq. 
125 (18^) 

0.005 



very sol. 
very sol. 
insol. 

367 
very .sol. 

sol. 

sol. 
very sol. 

s. sol. 

deliq. 
very sol. 

0.08 

insol. 

s. sol. 

71.4 

dec. 
very sol. 
very sol. 

insol. 



Remarks. 



NaHCO^ cold, no ppt. 
Dec. on evaporation. 
Sol'n shows alkaline reaction. 
Insol. acetic acid. 



Epsom salts. 



Mg{NH^)FO^. 6H^0, 



Sol. in tartrates ; carbonate, hydrate, oxalate. 

Sol. in ammon. chl. : carbonate, hydrate, oxalate, phosphate. 

Magnesium is a malleable silver-white metal, sp. gr. l.y^. 
w./). 7go^C . ; it oxidizes slowly in the air at ordinary temper- 
tures ; heated, it burns to form the oxide MgO, It decom^ 
poses water slowly at lOO^C. 

Magnesium compounds, MgX^; colorless in solution, except 
when the acid is colored. 

Magnesium phosphates, white. ** Ordinary " sodium phos- 
phate Na^HPO^ precipitates from concentrated solutions 
of magnesium salts, Mg-Z/PO 4, -from dilute solutions, Mg^{PO^)^ 
only on heating; from solutions containing ammonia and 



"4 



LITHIUM. 



[Group V. 



Atomic Weight.— 85.03122 grm. sodium chloride con- 
verted 156.86206 grm. silver into silver chloride. Specific heat, 
0. 293. Isomorphous relations : with the other alkali metals, silver 
and thallium, in the alums; with potassium and silver, in 
Me CI ; with silver, in Me^SO^, 



LITHIUM = 7.o. 

Occurrence. — Ores : lepidolite, or lithia mica, a complex 
silicate ; triphylline, a phosphate containing iron, etc.; found 
also in many mineral waters. Metallurgy : by electrolysis of 
the chloride. In commerce : carbonate, Li^CO^. 

Atomic Weight. — Stoech.fig.: 15. 5533 grm. lithium car- 
bonate, with dil. sulphuric acid gave 9.2414 grm. carbon 
dioxide. Specific heat, 0.941. Isomorphous relations: with 
the other alkali metals, silver and thallium, in the alums. 



NAME. 



Acetate Li C^H^ 0^ 

Bromide Li Br 

Carbonate Li^ CO^ 

Chloride Li CL^H^ O 

Chromate Li 2 Cr O^ 

Hydrate Li OH 

Nitrate Li NO^ 

Oxalate Li^ C^ O^ 

Phosphate Li^PO^ 

Sulphate Li^SO^.H^O 





Solubility in 100 parts 


Color. 


cold hot 




water. 


white 


350 


1 


white 


140 


300 


white 


O.I 


1-5 


white 


65 


125 


yellow 


very sol . 


very sol. 


white 


S..50I. 


Si sol. 


white 


48 


very sol. 


white 


.7 


sol. 


white 


0.04 


s. sol. 


white 


35 


28 



Remarks. 



AMMONIUM. 

Occurrence. — Sources of ammonia : at the present day 
ammonia is obtained exclusively as a by-product in the 
manufacture of coal gas. In commerce : ** ammonia," solution 
of NH^ in water; sal-ammoniac, NH^Cl; microcosmic salt, 
HNa{NH^)PO^ .4H0O; carbonates; sulphate. 



.yt 



\ 



\ 



\ 



Mg, A-, Na, Li, {NH^),-\ 



AMM 






\ 



"5 \. 



Nessler's test for amntonia: add potassium icKfid^ (jj^ grm.) 
to a solution of mercuric chloride (13 grm.), until the precipi- 
tate at first formed is almost completely redissolved ; then add 
potash (100 grm.), let settle, and pour off the clear supernatant 
liquid (dilute to one litre). The solution so prepared is known 
as " Nessler's reagent," and with ammonia, or its salts, pro- 
duces a brown precipitate, NHg^I ; most delicate test for 
ammonia. 



NAME. 



Ammonia ^-^a 

Acetate NH^C^H^O^ 

Bromide NH^ Br 

Carbonate {NH^)^ CO 

Chloride rj^^^. CI 

Chromdfe \^NIr^)^CrO^ 

Cyanide NH^ CN 

Ferrocyan,{NH^)i Fe{CN) 
Ferricyan. {NH^)^ FeiCAT) 

Iodide NHJ 

Nitrate NH^ NO^ 

Oxalate {NH^^ C^O^ 

Phosphate . . . [NH^)^ HPO^ 

Sulphate {NH^)^^ SO^ 

Sulphide,, ,,..,.. {NH^)^S 

Sulphocyan NH^ SON 

Thiosulph {NH^)^ S^O^ 

Flatinichloride 

Alag, Molybdate 





Solubilit) 


r in 100 parts 


Color. 


cold 


hot 




water. 


gas 


87.5(0') 


19(56^) 


white 


deliq. 


deliq. 


white 


very sol. 


very sol. 


white 


sol. 


sol. 


white 


33 


77 


yellow 


very sol. 


dec. 


white 


sol. 


very sol. 


yellow 


sol. 


sol. 


red 


very sol. 


very scl. 


white 


deliq. 


deliq. 


white 


200 


very sol. 


white 


5 


41 


white 


20 


sol. 


white 


n 


98 


colorless 


sol. 


sol. 


white 


very sol. 


very sol. 


white 


125 


very sol. 


yellow 


0.67 


1.25 


white 


0.007 





Remarks. 



Solubilities for 760 mm. 



In air forms polysulphides 

[yel. 

(NH^)t Pt C/,. 
(NHA. PO^. loMO,. 



» 
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SEPARATION IN THE FIFTH GROUP. 



Detection of Magnesium {in the absence of lithium). To the 
filtrate from Group IV add a little ammonia, enough ammo- 
nium chloride to redissolve any precipitate formed, and, lastly 
sodium phosphate. 

Precipitate : magnesium ammonium phosphate ; white. 

Separation of Magnesium from Lithium : Prepare a neutral 
solution of chlorides, free from ammonia, as follows : — evapor- 
ate to dryness the filtrate from Group IV, ignite gently, dissolve 
the residue in dilute hydrochloric acid, evaporate to dryness 
again, and dissolve in a little water. 

To the solution so obtained add ammonium oxalate, boil, 
and add acetic acid in excess. 

Precipitate : magnesium oxalate, white. 

Solution : lithium salts (precipitated by sodium phos- 
phate). 

Ammonia: salts of ammonium on boiling with potash 
evolve ammonia gas, recognized by its odor, by forming white 
fumes with hydrochloric acid, and by its action on litmus and 
1 turmeric paper. 

Sodtum^ potassium, and lithium are most easily detected by 
the colorations they impart to the non-luminous flame. Se^ 
p. 25. 




DETERMINATION OF THE ACIDS.* 




The method of grouping and analyzing the acids is iden- 
tical with tig^ already employed in the determination of the 
bases. As m. the former case, the acids are divided into 
classes by their behavior with certain group reagents. This 
division, however, is much less complete than is that of the 
bases, and at best serves but to group the acids into a few 
large classes, each member of which must be tested for in a 
separate portion of the solution. 

Before beginning with the wet tests involved in grouping 
the acids, it is advisable to subject a little of the solid sub- 
stance to a preliminary examination, by heating it on platinum 
foil, and by warming it in a test-tube with strong sulphuric 
acid; whereby, in a majority of cases, valuable infor- 
mation as to the nature of the acids present may be 
obtained. A knowledge of the bases present is also of 
great service, as by consulting tables of the solubilities of 
the salts of the bases in question, it is often possible to greatly 
restrict the number of acids to be tested for. For example, if v?:? ;> 
the salt submitted for analysis be soluble in water, all of tho^ii^J^j^^ii^ 
acids which form insoluble salts with the metals present ^^'■^■^■'1*^ 
necessarily excluded. ^f... 

If . any bases other than the alkalis be pres©: ^ . 

St be removed, because of difficulties which then present 
ight introduce into the separation. This may conveniently 
be effected by precipitating with sodium carbonate, and 
filtering; after which the filtrate must be carefully neutralized 
before testing for the acids. • 

The substance to be analyzed may be brought into solu- 
tion by the use of water alone, or of pojtash (for obvious 
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Il8 THE ACIDS. ^ 

reasons acids are rarely employed). In case it prove insoluble 
in these solvents, it should be fused with sodium carbonate 
(thus forming the soluble sodium salt of the acid), the fused 
mass^i^Sted with hot water, the insoluble carbonate filtered 
off, smd the excess of sodium carbonate jn the filtrate carefully 
neutralized with dilute hydrochloric 




PRELIMINARY INVESTIGATION. 






Behavior on heating alone : 

A small portion of the substance is cautiously heated on 
platinum foil in the Bunsen flame : blackening indicates ^ffaHJ^ 
substances. 

Behavior on treating with conc. sulphuric acid:-. >6-o >vrl 

-' ' (a) Evolution of a colored gas : M^*' l^ -V^ 

Reddish brown, bromates, bromides, nitrites ; pale yellow ^ 
chlorates, hypochlorites ; violet, iodides. 

(6) Evolution of a colorless gas possessed of a disj&ffodor : 

Odor of vinegar, acetates ; hydrochl. acid, chlorides ; peach- • 

Hossom odor, cyanides, ferricyanides, ferrocyanides, sulphocy- 

^es ; hydrofluoric acid, fluorides ; nitrogen penioxide, nitrates 5 

^"^k sulphide, sulphides ; sulphur dioxide, sulphites, thiosul- 

mrnt sugar, tartrates. ^ 

{c) Ev jn of a colorless, odorless gas •/-//.,'» ^ ^ ^ ' 
CarLv^x-ates, citrates, oxalates. * (i ! 

. (d) No evolution of gas : 

Arseniat^s, arsenites, benzoates, borates, chromates, 
' phosphates, salicylates, silicates. Q . , ( •, ' ' (^ 
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DIVISION INTO GROUPS. -. 

I. The Calcium Group. — To the neutral solution, from 
which all bases but the alkalies have been remo^l, add ^j 

calcium nitrate, if a precipitate appear, boil, cool thoroughly 
and filter. ^1^ 

Pre<M^Hb calcium salts of the acids of the first group ; 
nRRIn brackets slighlly soluble. 
To the precipitate add acetic acid : — ^ 

Solution^ with evolution of gas : carbonate, sulphite. 
Solution : arseniate, airsenite, borate, citrate, phffisphate, 

(tartrate). i7, \ I 

Residue y soluble in diL hydrochl, acid : fluoride, (iodate), / 
oxalate. ^ 



Residue, insoluble in dil. hydrochl, acid : silicate, (sulmiaTe). 

II. The Silver Grow. — To the filtrate from Group I /^ Cy^ 
add silver nitrate, filter. v/' ^ 

Precipitate : silver salts of the acids of the second group. ^'^^'^^ ' 
To the precipitat^add nitric acid, and boil: — L><U^/u«ii* HUf^^' i^^;-^ 

Solution : acetate, iiypophosphite^sulpnide, thiosuli " 

Residue, insoL in ammonia : Dromide (slightly sol.),' 

imate (bropi^ 





ide, hypochlorite, iodate, salicylate, 

/ III. Acids whose Calcium and Silv. 

; SOLUBLE. — Chloric, nitric, nitrous, perchloric. 



V 
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REACTIONS OF THE ACIDS. 



Acetic Acid, C^H^O^. — All acetates are soluble in 
water (silver and mercurous acetates sparingly soluble). 

S™huric acid, hot, cone: characteristic odor of vinegar ; 
upon addition of a little alcohol, odor of ethyl atfM||te. 

Ferric chloride : deep red color from fod^^lBof ferric 
acetate ; color not destroyed by mercuric ^W^KKkf' ferric 
sulphocyanate). On boiling with excess of acetl^'Tfesic ferric 
. acetate (reddish brown) is precipitated. 

y ^ Arsenic Acid, H^AsO^. — All arseniates, except those of 

the alkali metals, insol. in water. For reactions, see page 6i. 



^ 



Arsenious Acid, H^AsO^. — All arsenites, except those 
of the alkali metals, insol. in water (calcium and barium 
arsenites sparingly soluble). For reactions, see page 60. 

Benzoic Acid, CjH^O^* — Colorless, glistening thin 
lamellae or needles. Most of the benzoates soluble in water 
and in alcohol. 

Sulphuric acid, cone: brown colored solution, from which 
benzoic acid is precipitated by water. 

Ferric chloride : in neutral solutions, flesh-colored precipi- 
ce — ba^'*'^ '••^" benzoate. 

ID /metaboracic acid H^BO^). — All borates, 

the alkali metals insol. in water. Heated to 

racic acid is converted into pyroboracic acid 

;s^ : a fragment of a borate, moistened with 

I cone, sulph. acid and a little alcohol, and 

een flame ; this may also be obtained by moistening 

cone, sulphvicid, then with glycerine, and igniting 

atinum wirei 
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rt^» THE ACIDS. 121 



Bromic Acid, HBvOq. — All bromates soluble in water 
(silver, lead, and mercurous bromates sparingly soluble) ; 
on heating they liberate oxygen with formation of bromides. 

Sulphuric acid, hot cone: liberation of bromine. 

Silver nitrate : white precipitate AgBrOs, decomposed by 
hydrochl. acid with evolution of bromine (distinction from 
bromides). 

Potassium iodide in acid solution : liberation of iodine 
(blue color with starch). 

Carbonic Acid [H^CO^'i'], — Carbonates and bicarbonates 
of the al k^Mj tetals soluble in water, all others insoluble ; those 
of the alJH^Pfearth metals soluble in water saturated with 
carbon dioxide. All acids decompose carbonates with effer- 
vescence ; the carbon dioxide liberated may be recognized liy 
the turbidity it produces in a drop of lime water on a glass rod. 

Chloric Acid HCIOq. — AH , chlorates soluble in water* 
Heated they liberate oxygen with formation of chlorides (dis* 
tinction from nitrates). ^ 

Sulphuric acid, cone : Evolution of green-yellow chlorous 
oxide, C/0 2. [Caution: explosive — only small* quantities to 
be expefynented with.] 

Aniline sulphate, in acid solution, is immediately colored 
an intense blue by a fragmenflfcf a chlorate. 

Chromic Acid, H^CrO^. — Chromates of the alkal' -^ 
of magnesium, calcium, arid zinc, soluble in water ; 
and mercuric chromates sparingly soluble ; the o<->i^i 
For reactions, see page 89. 

Cnfllftf^AciDy CqHqOj. — Citrates of ti 
soluble in water ; those of ironj copper, an 
soluble; the others insoluble, but for the mo 
in alkali citrates, with formation of double salts 

Sulphuric acid, coi\g. : Decomposition jj^h 
carbon dioxide and carbon monoxide (mflami 
charring, except on prolonged heating* (disf 
tartrates). 9^ 



Calcium kydraU : white precipitate of cajcium citrate 
formed upon prolonged heating (distinction froA. tartrates). 

Ferricyanic Acid, H^FeiCN)^. — Ferricyanides of the 
alkalies, of the alkaline earths, and of magnesium, soluble in 
wajer (barium fenricyanide sparingly soluble) ; other ferricyan- 
ides insol. 1 

Sulphuric acid, hot, cone. : evolution af hydrocyanic acid 
{q.v.}. The solution should be tested for iron. 
^ Ferrous sulphate: dark blue precipitate (TurnbuU's blue). 

Ferric chloride : no precipitate, brown coloration. 

■% 
Ferrocyanic Acid, if«Ft;(CW),.— Ferroqtfbjes of the 

alkali metals, and of magne^um, calcium, an? strontium; 

soluble in water ; all others insol. 

Sulphuric acid, hot, cone. : evolution of hydrocyanic acid 
(q.v.), forming a solution containing iron. 

Ferrous sulphate : light blue precipitate, becoming darker 
on standing, 
) Feme chloride : deep blue precipitate (Prussian blue). 

Cupric sulphate : red-brown prfecipitate. 

Hydriodic Acid, HI. — Silver, lead, mer(^iK^us and 
mercurid iodides, insol. in water; all other iodidieS.'sMuble, 
(except bismuth ioi^ide, decoma^ed); the insol. iodides dissolve 
in excess of potassium iodide ^^Lformation of double salts. 

icid, hot, cone. :^^|^tion of iodine (violet 

^ents, e.g., potassium dichromate in acid solu- 
if iodine (bihe, color with starch, violet with 
or coal oil). 

U^ht 3'ellow precipittfk;,^«MM^%mmonia 
mo ri d es^ffl^^o mi des) . 
: brownish \vnhe' precipitate, (Cul). Solu- 
feslod for free iodinfi. . . y^ 

■If! .'MIi?fcciD, HBr. — Bromides of silver, lead, and 
■ i, injyl. in w'ater ; mercnric bromide sHghtly 

't]ii;i Uyiiiides Easily soluble. 








', hot, cone. : liberation of bromine (brown 
fumes). 

'^M^izing ageiUs, e.g., potassium dichromate in acid solution, ^a 

liberation of broniipe ^t wjh^ color with starch, orwith carbon ^^-^ 

disulpMde or coal'WJUSHt 4^ 

. Sfller mirate, yello^^iite precipitate, sparingly soluble in 
amifion^'a, (distinction from chlorides). 

, ^ • 

Hydrochloric Acid HCl, chlorides of silver and mercury 
(o»s), insoluble in water; lead chloride sparingly soluble, the 
others easily soluble. 

Sulphuric acid, hot, cone: liberation of hydrochloric acid 
gas (colorless acrid fumes; white cloud with ammonia.) 

Potassium dichromate mid concentrated sulphuric acid : form- 
ation of chromyl chloride ; see page 88. 

Hydrocyanic Acid, HCN, cyanides of alkalies, alkaline 
earths, magnesium, and mercury soluble in water ; the others 
insoluble, often soluble, however, in excess of alkali cyanide 
with formation of double salts. 

Sulphuric acid, hot, cone. : evolution of hydrocyanic acid 
gas (poisonous, colorless gas; with pungent, so-called " peach 
blossom " odor). 
/ Prussian blue test : to a solution of a cyanide add-a few 

1 dropseach of potash, of ferrous sulphate, and of ferric chloride ; • 

C boil, and acidulate with dilute hydrochloric acid. Prussian , W 
i blue is formed. ^1^ 

Sulphocynnate test : to a solution^^^^yanide add a few 
drops of ammonium sulph^^^^^^HpP in an evaporating 
dish until the solution b^^^S^^^rcssi acidulate v"th dilute 
hydrochloric acid, and add ferric chlc^Bde— blood -"v^j' " - 

;, --^ '.. . \^- ■ . ,. 

Hyd«bfluoric Acid, /7F.— Fluondpi-'iBiHie aM*tA»~ftf^tlie_ / 

of silver, tin and mercury (I'c), ^UHe' in water; of copper' '-^.^ 
bismuth, cadmium, iron, and iinc, sparingly soluble ; those of 
the alkaline earth metals and of magnesium, insoluble. 

Sulphuric acid, hot, cone. : evolution of hydrofluoric acid. 
recognized by its pungent odor and by its etching action upon 
glass. Caution ! _ i,"'-**-'^"'-'.^ 



- ■ 1^ 
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Hypochlorous Acid, HC/0.— All hypochlorites (except 

that of silver) are soluble in water. They are decomposed by 

^^ dilute acids with liberation of free chlorine, which may be 

^^recognized by its odor, color, and bitching action upon moist 

litmus paper. /, 

Silver nitrate : white precipitate, silver hypochlorite ; 
quickly decomposing into silver chloride and silver chlorate. 

Aniline sulphate, in dilute sulphuric acid solution, upon 
addition of a fragment of a hypochlorite, blue coloration. 

Hypophosphorous Acid, i^gPOg. —All hypophosphites 
are soluble in water. Heated with nitric acid they form ortho- 
phosphates. 

Cupric sulphate : heated to 7oC% black precipitate of copper 
hydride ; decomposed upon heating, or upon treatment with 
dil. hydrochl. acid. 

Potassium permanganate, chromic acid, and a solution of 
potassium iodide containing iodine, aire all reduced (decolorized) 
by hypophosphites. 

Silver nitrate : black precipitate of reduced silver. 

Iodic Agid, iif/Oft. — lodates of the alkali metals soluble 
in water ; other iodates insoL, or very sparingly soluble. 

Sulphuric acid, hot, cone. : no evolution of iodine. 

Ferrous sulphate and cone, sulphuric acid : liberation of 
iodine (see hydriodic acid). 

Nitric Acid, iifiVCL. — All nitrates are soluble in water. 
Brown ring test : 3Bl||^^imetre each of the solution of a 
nitrate and of ferrous sul^i^^OTSTOn are mixed in a test-tube 

phuric acid added, allowing it to fall along the 
^be : at the boundary between the two liquids a 
^or coloration will be observed, arising^from the 
solution of nitric oxide in ferrous sulphate. 

Phenyl sulphate (i part phenol, 4 parts cone, sulph. acid, 
and T parts water) : brown-red coloration, becoming yellow 
or green upon^ addition of ammonia. 

Nitrous Acid, HNO^.^kW nitrites are soluble in wate 
— silveyaitrite sparingly soluble. 
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Brown ring test : obtained by the action of ferrous sulphate 
on a nitrite, without addition of sulphuric acid (^distinction 
from nitrates, q.v.). 

Potassium iodide uith dil. sulph. acid: liberation of free 
iodine (see hydriodic acid). 

Oxalic Acid, C^H^O.^. — Oxalates of the alkali metals 
and of magnesium and iron (ferric), soluble in water ; chromic 
and stannic oxalates, sparingly soluble ; the others, insoluble. 

Sulphuric acid, hot, cone. : evolution of carbon dioxide and 
carbon monoxide (inflammable). 



1' 



Orthophosphoric Acid, HqPO^. — Di and tri- metallic 
phosphates, with the exception of those of the alkali metals, 
insoluble in water ; mono-metallic phosphates, usually some- 
what soluble. 

Ammonium molybdate: mix in a test-tube one cubic 
centimetre of ammonium molybdate solution, with one drop 
of the solution of the phosphate, and add dilute nitric acid 
until the precipitate at first formed (MoOq) is redissolved. 
The liquid assumes a yellow color, and on warming (not 
boiling !) a canary-yellow precipitate of ammonium phospho- 
molybdate {N H J qPO ^.i2MoO ^ is formed. 

'^Magnesia mixture " (prepared by the addition of ammonia 
to a solution of magnesium sulphate containing ammonium 
chloride in sufficient quantity to prevent the formation of a 
precipitate) : white crystalline precipitate of magnesium 
an^monium phosphate. 

Silver nitrate: yellow precipitate, Ag^PO^; (distinction 

from pyrophosphoric acid). ^f ^^ ^ 

^tjp^ 

Pl^BposPHORic Acid, H^P.^0^. — Pyrophosphates of the 
alkali rretals soluble in water ; all others insol. Upon heat- 
ing in acid solution, pyrophosphates are converted into ortho- 
phosphates. 

Ammonium molybdate; no precipitate {cf. orthophosphoric). 

" Magnma mixture *' : no precipitate {cf. orthophosphoric) *#- ^ 

Silver nitrate : white precipitate. 



>/ 
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Salicylic Acid, CjHqO^ ; colorless four-sided prisms, or 
long needle-like crystals, odorless, but possessed of a sour-' 
sweet taste. Salicylic acid and its salts are sparingly soluble 
in cold water, easily soluble in hot water and in alcohol. 

Ferric chloride : intense violet coloration. 

Alcohol and concentrated sulphuric acid on warming: 
odor of wintergreen. 

Heated with lime : odor of phenol, (carbolic acid). 

Silicic AciD[HSi0^7]. — Silicates of the alkali metals are 
soluble in water, all others insol. 

Hydrochloric acid: decomposition with separation of jelly- 
like mass, insol. when once dried. 

Silica skeleton : If a small fragment of a silicate be dissolved 
in the microcosmic salt bead, the silicic acid is liberated and 
floats undissolved in the bead, which forms an opalescent glass 
upon cooling. 

Sulphuric Acid, H^SO^. — Sulphates of barium, lead» 
and strontium, insol. in water ; of silver, calcium, and mercury 
{ous)t sparingly soluble ; the others, soluble. 

Barium chloride : white precipitate (BaSOJ insoluble in 
all acids. 

All Acids containing Sulphur. — B. B. on C. with 
carb. soda form sodium sulphide. The fused mass, moistened 
and placed on a silver coin, produces a black stain. " Silver 
coin test.'* 

Sulphuretted Hydrogen, iifgS.— Sulphides of the 
alkalie^,^ ^tkj^ alkaline earths, and of magnesium, soluble in 
water ; .aluminium and ferric sulphides decom pose d ; all 
other sulphides insol. 

Sulphuric acid, hot, cone: evolution of sulJJIfuretted 
hydrogen ; (odor ; lead acetate paper blackened). 

Potassium nitroprusside^ and potash solution : violet red 
coloration, which disappears on standing. 
•- ' . ^.; ■■■■■■ 

* Prepared by heating potassium ferrocyanide with nitric acid, and neutralizing 
with pot^h. 
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Sulphurous Acfo, [H^S.O.^?] — Alkali sulphites, soluble; 
all others insoluble in wat^r. 

All acids: evolution of sulphur dioxide (odor). 
9iBarium chloride : ^j^h'ite precipitate, soluble in dilute 
drochloric acid. . If 10 this solution a little dilute nitric acid 
added, insolaU||^lM^|m sulphate is formed upoidfeating. 
Silver coin tm: Vf0i^gQ 126. 

SuLPHocYANic Acii5, ^jyCiVS)-^Sulpl^^&ftites of the 
alkalies, alka|M|e enrths, magnesium, iron, mahganese, zinc, 
cobalt, copp^^and miercury, (ic) soluble in water, all others 
insoluble. 

Fq/tf chloride : blood red coloration, decolorized by mer- 
curic chloride (distinction from acetic acid), by arsenious acidj 
by oxalic acid, ahd'l)y sodmm acetate (color restored by hydro* 
chloric acid). '•*• 

Tartaric Acid, 04^500.— Tartrates of alkali metaB; 
manganous, ferric, cobalt, stannous, and antimonious tartrates, 
soluble in water ; acid tartrates of potassium, ammonium, and 
calcium, sparingly sohible; all other tartrates insoluble in water, 
but often dissolved in excess of alkali tartrates with formation 
of double tartrates; • 

Sulphuric acid, hot, cone. : charring, and odor of burnt 

Silver mirror : Dissolve the tartrate in ammonia, add silver 
nitrate, and allow to stand for a few minutes in a v^rm place. 
The insij^of the test tube becomes coated witlJPltallic silver. 

THjj|taLPHURic Acid, H2S203.-—Thiosulphates of silver, 
lead, and Kirium, sparingly soluble in water ; all others easily 
soluble. The insoluble thiosulphates are, in most cases, easily 
dissobAB^ excess of alkali thiosulphates. 

iJ^^^Ks : decomposition with evolution of sulphur dioxide, 
and ^BBptatioi^ of sulphur (distinction from sulphites). 

Silver nitrat^^ white prec^itate, silver thiosulphate, grad- 
ually becoming blsick from formation of silver sulphide. 

Potassium permanganate ; iodine solution : both decolorized 
Silver coin test : see page 126. 
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The term " alkaloids " is restricted in chemistry, to a 
somewhat extensive class of organic bases, which are usually 
found, uncombined, in nature, in certain plants. The;|tf|pntain 
carbon, hydrogen, oxygen, and nitrogen in varying propor- 
tions, and are related chemically tojjjie pyridine and quinoline 
bases. Often grouped ^ith the alkaloids, on account of their 
jpiysiological action, are substances which, chemically, are 
widely different, e.g., glucosides, albuminoids, etc. ; a few of 
the more common of these are included in a supplementary 
list at the end of the alkaloids proper. 

The alkaloids are colorless compounds possessed of bitter 
taste and characteristic physiological action. They are usually 
insoluble in water, readily soluble in acids, with which they 
form well defirnf^ salts. From their solutions most alhNfeids 
may be precipitated by potassium mercuric iodide, b)^Kos- 
phomolybilic acid, and in some cases by dilute potash. The 
first two pr|MMtates vary in color from white to yellow and 
are insolubl^idilute acids. JP 

No satisfactory and complete method for gr4|||ing^ the 
alkaloids has been devised. The following scheme, proposed 
by Fresenius, will be found of assistance in roughly subdividing 
them, after wh^k^each member of the sub-group^|g|t be 
tested for separately. 



J 





Volatile : coniine, nicotine, (recognize(i(Ay their distinctive 

odors). .^Mi 

Non-Volatile : brucir^PPfcrphine, strychnine, etc. • 

(a) To^portion of the solution of the non-volatile alkaloid, 
aaa potash to slight alkaline reaction ; allow to stand 
five minutes, and, if a precipitate appear, add potash to 
strongly alkaline reaction. 
The precipitate dissolves : (atropine*), c^^ine, morphine. 
The pyecipitate is insoluble : aconitine, brucine, cinchontne, 
narcotine, quinine, strychnine, veratrine. 
(6) To another portion of the solution atd^ few drops of ^. 
dilute sulphuric acid, neutralize ^^n concentrated ^r 
nolution of bicarbonate of soda, and allow to stand 

fifteen miqaML jtfBjL 

Precipitate : cinHonine, narcotine, quinin^^^B^ 

J|A No precipitate: brucine, strychnine, veratrm^^^ 



'I^ecipitaied by potash from c< 



V 
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per, difficultly 

P soluble in a 

: solution witE^flBwiJ 
Ees bright yellow upon ad' 



ATKOi'lNE,Ci-/r,a.V0„. — Lan^-shaped colorless crystals ; 
difliciiltly soluble in cold water, e^|^^uluble in alcohol and 
ip acids. 

iittl^iiiric acid, hot, cone. : odor of orange blosso^ 



'mm 

an^-shap 



y 



liRuciNE. C-sW^.-VjO^^HsO.— Colorless, prismatic crj- 
stals: ditlicuUly soluble in ^vatA, easily soluble in alcohol and 
i}i dilute acids, gt 

Siilf>haric acia, cone., coata.taingjiitnc acid:+ intense red 



coloniti 

.Vi, ^^ 

^ chan^in^ to ytnMnsh red. 

ChU'riiu or t w ww ut f 
on utUlltioj^iBoinionia. 



Xitrk aiiii^^c. (sp.gr. I.4) ; blood-red coloration, quickly 

tMmsh red. ^ 

ChU-riiu or t w ww uK Jffr : pink coloration, yelloH-ishHown 



:iiu^|taini 

l"iN<flBII^,r,..Hjs\jO,. — TninspaTent,lu5troDsprisnn|K 
or whiu- pow.ivr ; ini^oluble in water, soluble in alcohol ai^|^ 

l\'t.tss:u'<: V( r,vv,iii(./:- flocky-white precipitate, 
«xco:S!; v>lisniKtioii from tjutnineK 

V"'* AlkilwAot *^i«u>ii : Ovv.uiie, .wirine. voiiibuw. naicotine?" 
nine jiii.l irUtct) r<,>ni:v<vix),U ^ !'r.i;iiie. -^;rychaiDe; -A *J«' 
|x>wii.<»^ ji>->>nuinr. it:t\>)'inr. v-iai-houine, oi'L-hiciae. quinine, 

f r^^^ H-;v.it.>«i >,Ko,>nini<MtiM hv Ft.'.aur.E i* MEFOieJ is folwts ; to I 
wjt,-i J.t.1 ^ .!i.-:-* Bi;u,- j;*4. ". #l l.Ji ; :• ^,-' ;-^T(>'Qc-. f^lph. idd idd i 
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Chlorine 


or bro. 


mine water. 


then ammonia : 


white precipi- 


tate. 











Cocaine, C\jffsi.VOj.— Colorless prisms ; difficultly 
soluble in water; SoMb^in alcohol and in acids. 
Ammonia ;;VjJiJ4H;^IJ|cipitate, soluble in excess. 

'\/* ^^ 

CoDErNF.X\«//jT'V0aH^O.—Co]orle5BBpnbic crystals; 
4iJQpultly sqluble in water, easily soluble in alcohol and in 
aeMs. ^ 

Sulphuric acid cone, containing nitric acid: blue colora- 
tion. 

Nitric acid cone. : yellow solution. 

CoLCHicix[i,C..//„„iVO„ — Yellowish -white iKinnous ma- 
terial, soluble in water and in' alcohol, 1 

Nitric acid cone: violet coloration;, upon* addition of 



water, \w^. 



■Sidpklffi acid cone. : edkl, yellow coloration ; upon 
heating, red. If the sulphuric acid contain a trace of nitric 
acid, the color of the solution changes gradually from green 
to yellow. 

CoNLNi-;, C^H,-!?^ — Transparent, oily lifiuid, possessed of 
a nauseating odor and taste; difficultly soluble in water, 
easily soluble in.alcohol. 

Potassiui^^^curic iodide: resinous precipSste.Hsecoming 



-^■^l 



'.l^^^curic iodide : resinous p 
m sWnding. ^ 



;alline on 
Chlorine water : turbidity (distinction from nicotine)- 

MqtKr.HiNE, (\ -H,.,^'03.H.jO. — Colorless, cUnorhombic 
soluble in water. 




: orange yellow colorati 
deep blue coloralion. 



JIILbll ii^lc 

9dF 



NarceIne, C .. ^H i. ^NO ...2H .^(k— 'Long gffstening needles, 
difficultly soluble in cold, easily in hot water or alcohol. 
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Sutphuru add cone: solution with brown color ; with 
cxccHH of !U:i(i, >>ri(;ht yellow. 

Iodine, diKSolvci] in potassium iodide solution: the solid 
alkaloid colored blue (distinction from all other opium 
iiikiiloulK). 



NAKCOTlNEr Cjta/^iit^'O-. — ColcUessImlbstrous prisms ; 
itlHoJnbii: in vMMMpd in alcohol, s1igh^iiiK>luble in acids. 

Sulphur ieWt^onc, containing nitric acid : orange'yellow 
Colonitinn, chaiif^ing to red and finally to violet. 41^ \^ 

limminc water : yellowish green coloration; upon addition 
(if itinniDuiu, yellowish red. 

Nicotinic, r, ||//,j.Y,_,.— Colorless oil ; soluble in water, in 
ulciihiil luid in acids. 

Ni(fk acit/ ctinc: red coloration. 

I'liliissiiiiii inetfuric ioiliile : resinous precipitate, becoming 
rrysliiliiiu- on sliUidinK. ^f 

IV\1'AVi;kini:, f'j„//o,,V(>,.— Colorless, needlJBrapedcirys- 
tiils, iusolnbic in water luul in cold alcohol, soluble in warm 
aU'ohul imd in acids. 

Siilf'liHrk iiiiki roHf, : cold, no coloration, h^^Eed, deep 
vioK'l bliif. 

I'h'I KIM', (\ .?/,„,%"(',.,. — Glassy four-sided prisms, insol. 
ill «.Uir. liiirlj^OiiMo in uUohol. 

Siuf'kHrk «fi./ I'.'K.-. : solution with yellow MUtr, becoming 
tl.iik blown ^itid hu.dly ^iviiish-brown on standing. ^j> ^ 

*^>l i\U»i\i ,»',.„//; -\\,('v.— (.ilistening four-sided prisms, 
\Oiy sllrt'u"uUl\ svlubU- in \\ ^ttfl^eusilj m .ilcoli ■! , rcaction^a: 
>mvioi \X'Uiuw, with oiu- o\o<-(>i ion. vu : ^^t^ 

: in nfiitr,U s«.ilut: ~ '» hue po< 



".llteft^^l!. 




ViittU ^,>U!;>;.- 1« w.itvr, ciSiS s^'ia^te t» Acids. The sointtons 
\v( mimu'v- iUid Its s.t;;s -u*.- [■ho^j'horvsicx'r.t. 
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..-—-" SmMitn i ie>aler and then ammonia: green, flocky, precipi- 
tate, soluble in excess of ammonia to form emerald green solu- 
) tion; neutralized with dilute hydrochloric acid, the solution 
* becomes blue, and wi|f^ excess of acid, violet or red. 
r^ Potassium fertocyanide : dark red coloration. 

^ — - Strychnine, C^{H^^N ^Oa. — White glistening rhombic 
prisms, very difficultly soluble m water and in alcohol, easily 
soluble in dilute acids. 

Sulphuric acid cone. : dissolves strychnine to form a clear 
solution. If to a small portion of this solution a fragment 
<jf potassium dichromate be added, a violet coloration, sur- 
rounding the dichromate, may be observed. This coloration 
is produced also (but less distinctly) by potassium permangan- 
ate, and by red lead. 

Potassium ferricyanide : yellowish green coloration. 

THEBAINE,C,i,iT23,N0s.— White quadratic scales,insol,in 
■ Water, easily iu alrn hf^l ^..'i rLifl.ilf^^^- 

Sulpkuric add ^meit^^S^lion with blood red ■ color, 
gradually becoming yellowi^ red. 

Ferric chloride: no color reaction (distinction from 
Oiorphine), 

Nitric acid, sp.gr. 1.4 : solution with yellow color. 

Veratkine, Cg^H,,jNO,j. — Colorless prisms ; insol, in 
^-X^ater, soluble in alcohol and in acids. 

Sulphuric acid cone: yellow coloration, becoming bright 
^vd on standing. Upon addition of bromine water this solu- 
te ion becomes purple. 

Hydrochloric acid cone: (^orless solution cold, colored 
^eep re^ 




fHErNK, C^H, „.V. 0,H'.,0.— White, glisten- 
■- ng, silky needles ; insol. in alcohol, soluble in water and in 
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Chlorine or bromine water evaporated to drjIiesS with a 
caffeine solution, and the reddish-brown mass moistened with 
ammonia : violet coloration. 

« 

DiGiTALiXE.— White, amorphous powder ; insol. in water^ 
easily soluble in alcohol. 

Sulphuric acid cone. : brown solution ; on standing, dark 
red ; with bromine water this solution gives a beautiful violet- 
red coloration. 

PlCROTOXiSE, Ci;H|gO|,H„0.— White, glistening, four- 
sided prisms, or needles ; easily soluble in water, and in 
alcohol ; insol. in dilute acids. 

Sulphuric acidcoiic: golden yellow coloration; upon addition 
of potassium bichromate, violet, and then green. 

Salicine, Ci:,H,^0-, — White, glistening needles or lam- 
ellae ; easily soluble in alcohol and in water. 

Sulphuric acid, cone. : colors salicine blood red without 
dissolving it. 

Xitric acid cone. : colorless solution, cold ; yellow upon 
heating. , 




. THE DETECTION OF A SINGLE ACID. 



I, To A PORTION OF THE NeUTRAL SOLUTION ADD EaRIUM 

Chloride. 

White precipitate, insol. in hydrochloric acid : silicate, 
sulphate. 

V^Kkte precipitate, soluble in hydrochloric acid : borate, 
carbonate (effervescence), phosphate, sulphite (odor of sul- 

4^ phur dioxide), tartrate, thiostUphate, (separation of sul- 
phur). - 

Yellow precipitate, insol. in acetic acid : chromate. 

White precipitate, insol. in acetic acid: oxalate. 

ii. to anothek portion of the solution add silver 
Nitrate. 

Precipitate! soluble in dil. nitric acid and in ammonia : 
white, borate, carbonate, oxalate, silicate ; yellow, arsen- 
ite, phosphate ; red, arseniale ; dark red, chromate. 

Precipitate, insol. in dilute nitric acid, but soluble in 
ammonia : white, chloride, cyanide, ferrocyanide (diffi- 
cultly soluble), hypochlorite, sulphocyanate ; yellow, ij-ojH- 
ide (difficultly soluble) ; orange red, ferrocyaiiide. 

Precipitate, insol. in dilute nitric acid and in 
ammonia: white, (ferrocyanide); yellow, (bromide), 
iodide ; black, sulphide, (soluble in concentrated nitric 
acid). 

III. Acids not precipitated by Barium Chloride ok 
Silver Nitrate, 
Brown ring test i'p:ige 124) : nitrate, nitrite. 
Reacti&n ,*«th si;lphuric acid (page 121) : chlorates. 

'iA .,r i>,:,w.:,. . ihe subslance to be analyzed into solution, :;nd for ^ 
wS. _^ ■ 



> 


§ 


■O f^ Coo m fO 1 


> 




" ! 1 1 - ♦ 

t. U ^ CQ ^ 


> 


OS 1: 




> 






> 






5 


a;" 


CO OQO^o loo u-io ^. 






= SJ g 3 £ d 1 S ■ 


-■ 


o 
as" 


- - S g S 5 



% = 



^ 






INDEX. 



Acetic acid, 120. 
Acids : determination, 117. 
Acids: reactions, 120-127. 
Aconitine, !30. 
Alkaloids, 128. 
Allemontite, 61. 
Alum, 81. 
Aluminium, 81. 
Ammonium, 114. 
Amm. sulph., yel., 57. 
Anglesite, 34. 
Antimony, 61. 
Apatite, 107. 
Arragonite, 107. 
Arsenic, 59. 
Arsenic acid, 61, 120. 
Arsenious acid, 60, 120. 
Asl>estos, no. 

Atomic weights (table), 136. 
Atropine, 130. 

Babbitt metal, 62. 

Barium, 105. 

Bases grouping, 32. 

Basic salts, 37. 

Benzoic acid, 120. 

Bismuth, 70. 

Bleaching powder, 107. 

Blende, 97. 

Blowpipe, Use of, 27. 

Blue vitriol, 72. 

Boracic acid, 120. 

Borax, 113. 

Borax beads (colors), 26. 

Brass, 72, 97. 

Braunite, 94. 

Britannia metal, 64. 

Bromic acid, 121. 

Bronze, 64, 97. 

Brown ring test, 124. 

Brucine, 130 

Bunsen's Method of Reduction, 27. 

CadmmjEDt 75. 
Caffdisg^i33. 
Calamine, 97. 
Calcite, 107. 
Calcium, 107. 
Calomel, 40. 
Carbonic acid, 12 j. 
Carnallite, 112. 
Cassiterite, 64. 



Cerussite, 34. 
Chili saltpetre, 113. 
Chloric acid, 121. 
Chromic acid, 121, 87. 
Chromium, 86. 
Cinchonine, 130. 
Citric acid, 121, 
Clay, 81. 
Cobalt, 90. 
Cocaine, 131. 
Coelestine, 106. 
Colchicine, 131. 
Confirmatory tests, 45. 
Codeine, i ^i. 
Coniine, 131. 
Copper, 72. 

Corrosive sublimate, 43. 
Corundum, 81. 
Crocoisite, 86. 
Cryolite, 81. 
Cuprous and cupric, 73. 

Delicacy of reactions, 47. 
Digitaline, 134. 
Dolomite, no. 

Electrochemical series, 55. 
Epsom salts, no. 

Feldspar, 81. 
Ferricyanic acid, 122. 
Ferrocyanic acid, 122. 
Ferrous and ferric, 83. 
Filtration, 33. 
Flame tests, 25. 
Fluorspar, 107, 
Fly powder, 59. 

Galena, 34. 
German silver, 72, 92. 
Glauber's salts, 113. 
Greenockite, 75. 
Green vitriol, 83. 
Gypsum, 107. 

Haematite, 83. 
Hausmannite, 94. 
Heavy spar, 105. 
Hydrogen sulphide, 126. 
Hydriodic acid, 122. 
Hydrobromic acid, 122. 
Hydrochloric acid, 123. 
Hydrocyanic acid, 123. 
Hydrofluoric acid, 123. 
"Hypo," 113. 
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Kypocbloricacid, 124- 
ilypophosphorous acid, 124- 

lodicacid, 124- 

Lead, 34 
Lepidolitc, ii4- 
Limeslone, 107- 
Lillm^e, 34. 
IjthiuRi, 114' 
Lunai etusiic, 3S. 
IilRgistcriuin bismuthii, 70. 

Mogoeaa mixlure, 125. 

Mogneiite, no. 

Magneaum, no. 

Malachite, 72- 

Manganese, 94- 

Marble, 107. 

Marsh'i lesi, 68. 

MendelejefTa wble lj6. 

Mercuiy, 40. 

Metaslaonic aci<l, 66. 
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Miciocosmic salt, 1:4. 
Microcosmic sail beads, 26. 
MiUeiite, 92. 
Mispickcl, 59- 
Morphine 131. 
Naples yellow, 62, 
Narceine 131. 
Narcoline 132- 
NessWs iwt, US- 
Nickel, 92. 
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Oijwment, 59- 
Otthophosphoiic acid, 125, 
Onalic acid, 125. 
Oxidizing ageniF, 44. 
Papaveiine 132. 
Paris green, 72. 
i'eimaneol while, 105. 
Pewter, 62. 

Phosphates in Group III., 10: 
Phosphor Iwads (Colors), 26. 

Phosphoric acid, 125. 
Picotoxine, 134. 

Pink sail. 64. 

Pipeline 132. 

I'laster of Paris, 10?. 

PolaSEium, 112. 

Precipitation, 33. 

Preparing sails, 64. 

Prussian blue, 83. 

Prussian blue test, 123. 

Pytargytile, 38- 

Pytiies. 83. 

Pyrolusite, 94. 

Pyrophosphoric acid, 125. 

Quinidine 132. 



<Juininei32. 
Realgar, 59. 
Reducing agents. 44' 
Rock salt, 113- 
Rose's metal, Jo. 
Sal ammoniac, 1 14. 
Salidnei34' 
Salicylic acid, 116. 



Smalt, 90, 
Smithsonite, 97- 
Soda, 1 13' 
Sodium, 113- 
Solder, 34, 64. 
Solution, 2S. 
Spinelle, Hj, no. 
Stannic and Stannuus, 65. 
Stibniie, 61. 
Slronlianite, 106. 
Sironiium, 106. 
Strychnine 133- 
Sulphides, 81, 126' 
Siilphocyanic acid, l«7. 
Sulpho-aaiis, 57. 
Sulphuretted bydri^n, 126. 
Sulphtiiic acid, 126- 
Sulphurous acid, 127. 

Superphosphates, 107. 

Sylvine, 112. 

Tartar emetic, 62. 

Tartaric acid, 127. 

ThehaJne, 133. 

Theine. 133- 

Th^nard's blue. 90- 

Thiosulphuric acid, 127. 

Tin, 64, 

Transpo^tion, 53- 

Triphylline, 1I4- 

Turnbull's blue. 85. 

Type metal, 34. 62. 

Valeniiniie, 61. 
Veratrine 133 

Vermillion, 40. 
Vitriol blue, 72. 

" green, 83. 

" v-hite, 97- 
Wad, 94- 

Washing preclpUW, 34- 
Water-glass, 113. 
Weak bases, 79- 
White vitriol, 97- 
VViiherile, 105. 
Wood's metal, 70, 7S- 
Yellow ammon. sulph., 57- 
Zinc, 97- 
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